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NEW AND LITTLE-KNOWN INVERTEBRATA FROM 
THE NEOCOMIAN OF KANSAS.* 

By F. W. Oraoin, Colorado Springs, Colo. 

Tli»' InvfrlfbratH hcrtMii tr»*at«*d won* coll»*ct<'(l by th«' wril»'r in Kiowa 
and (Murk C(>iinti«'s. Kansas. 

'Plif "li^'Iviclon' section" n*f(»rr«Hl to b«*Iow, is that shown in thr rx- 
posurrs on th»* south sid«* of the M«»dicin«' I,<odjr** rivor. in the souih- 
••astt'i-n part of Kiowa county, at liolvidcrc. It was first d«*scribcd in 
.lanuary. 1881), in tin* liuUrtin of the Wantiburu Colit'f/e Laboratory of 
\ofnral lliatorif (No. 9, pp. IJ."), 'MS). It was mon* fully d«»scrib«»d in my 
ai-tich* "On the Chrvi'imr Sandstone and the Neocomian Shales of Kan- 
sas.* which was published in No. 11 of the same DuUetiu (see pp. 7.V7U), 
and. with some revision, in Vols. i\ and 7 of TnK Amkkican (iKOLO(iisT. 
(See \\)\. 7. pp. 'l'^ and 2H. ) 

The "Hluff Creek section." described also in the article "On the 
Cln'yenFie Sandstone and the Neocomian Shales." etc., is in Clark 
county on the east bluff of liluff crei'k, about two miles below the old 
Vanhem |M>stotlice. 

(? NEREIS) INCOGNITA, sp. nov. 

I^late I, fljrs. 20-22. 
Tlie specific name, incofftu'ttf^ is proposed as a convenient 
designation for the large, apparently nereid, worm that in- 
liabited the sandy beach of the C'omanehean sea of southern 
Kansas, and the easts of whose burrows (part of one of which 
is shown natural size from above and in cross-section in figures 
21 and 22 of Plate I) occur commonly in Kiowa county in 
No. T) of my Belvidere section, and occasionally, at least, in 
Clark county, in the earthy or saccharoidal sandstone which 
constitutes No. 4 of my Bluff* Creek section. 

*.Vdvance sheets distributed Mav 30, 1894. 
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The burn»w8 form boldlj sweeping, tortuous curves which 
lie in a slightly warped surface and occasionally cross them- 
selves in a sigmoid or "figure 8" path. The transverse section 
of the cast is lenticular, averaging about 10 and 6 mm. in ma- 
jor and minor diameters. 

PLICATULA SENESCENS. sp. nov. 

Plat I' 1. tijrs. 17 and 18. 

Shell quite small, compressed, inequivalve, obliquelj' sub- 
P3'riform or inequilaterally rounded-triangular; beaks de- 
pressed and indistinct, that of the right valve subtruucate by 
the scar of adnation : valves ornamented with numerous 
punctations and short, radially disposed, punctiform wrinkles, 
so arranged that the intervening elevations do not constitute 
distinct, continuous, radial, rib-like plicules such as are seen 
in most species of this genus, but, rather, faintly suggest 
them: margins of valves thickened, that of the left valve 
forming a broad, distinctly elevated, concentrically laminated 
border in marked contrast with the discal sculpture; right 
valve moderately convex, the left tlattish or slightly concave. 

Measvreutents, — Hight 11 ; length 10; breadth 4.5 mm. 

(Pmirrfnrr. — In No. *{ <»f th«» l^»l\ider«' wclion. .southwest of thf rail- 
wav station. I hav«* s«M*n but two or \\\tvv s|M»cim«'ns. 

AVICULA BELVIDERENSIS, sp.nov. 

Shell strongly inequivalve, smooth, obliquely purse-shaped, 
larger than that (»f A. stfhffihhoittf M. & H., as figured in Meek's 
Cretaceous Invertebrata (Plate 28, fig. 12), to which it bears 
considerable general resemblance, differing from it apparently- 
in having a longer hinge-line, a relatively larger and more 
prominent anterior and larger posterior ear; anterior ear ab- 
ruptly compressed, marked off by a distinct but shallow sul- 
cus, and marked with one (»r two infero-marginal folds; pos- 
terior ear continuous with the gently concave posterior slope 
of the shell ; left valve strongly and rather narrowly arched 
from front to rear, much more convex than the right, its beak 
also more elevated above the hinge-line than that of the latter 
( ? hinge-line as long as or longer than the shell ). 

Omtrrtnrt\ — I hav»* b»*fon* m«' thirl»'*'n s|M*ci!nfn.s of this s|H'ci«»s 
from Nn. ."> and on*- fn>ni No. !{ of tin* livlx idtTi* section. tak»'n in tin- 
south and souihwfst vicinitv of H«*l\ idi'n*. All an* inijH*rfect. noin* 
showing c<imj»lft«' outlines t»r tin* exact form of the |M>sterior «*ar: and 
none allowinir i»n*civ measurements. 
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PINNA COMANCHEANA, sp. nov. 

Shell large, thin; anteriorly inflated and Buboircular in 
cross- section, becoming more compressed and with exteriorly 
concave upper slopes posteriorly ; not, or only very obtusely, 
angulatcd along the median line; increase of hight with 
distance from beak more rapid than in 7*. lakesii White; 
decussately ornamented with rather remote radial costella» 
and somewhat less conspicuously raised remote concentric 
lines, there being about nine of the radial costelhe on the con- 
cave slope. 

The shell attains a length of at least eight or nine inches. 

Oreurrenre. — Common in rocks of the Fr**d<'ricksbur/ir division in 
Kansas, Texas and New Mexico: especially in the Comanche Peak 
limestone of Texas. The largest specimen that 1 have observed is in 
the collection mad(> in the Tucumcari district of New Mexico by the 
W. F. Cummins' party of the Geological Survey of Texas. The types 
are s^iecimeus in the writer's private collection from Kansas and Texas 
and in the Colorado College collections from southwestern Kansas. All 
of the siM»cimens thus far obtained near Belvidere, Kansas, are from 
Nc». ."i of the Ii«»lvidere section. 

CUCULL/EA (IDOHiEARCA) TERMINALIS, var. nov. recedent. 

Plate I. fig. 1J». 

The hinge of CucitUa'a terminalis Con. being entirely un- 
known, I present a figure of the interior of the Belvidere, 
Kansas, Fdonearca which I provisionally referred to C tev- 
mhialis in my ^'Contribution to the Invertebrate Paleontology 
of the Texas Cretaceous" (Fourth Ann. Rep. Geol. Surv. of 
Texas, p. 175). This shell occurs in great abundance in No. 
5 and occasionally in No. 3 of the Belvidere section; and is 
found through the entire thickness of the Comanche shales of 
Clark county. 

As compared with the type-figure of C ferminalls, the Bel- 
videre species has the beaks less anterior, and by no means 
terminal, though their position is somewhat variable and the 
figure now given represents perhaps a little more than the 
average of their recession from a terminal position. 

Typical C, terminal is belongs to the Alternating beds, 
while the C recedens belongs to the lower part of the Fred- 
ericksburg division, as represented in Kansas and as seen on 
a hill-slope a little west of Weatherford, Texas (where oc- 
curs a shell-bed that is apparently the equivalent of No. 5 of 
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ray Belvidere section in paleontologic character and sCrati- 
gruphic position). It is therefore possible that recedens may 
prove to be a species distinct from terminnlis^ when future 
explorations in the Alternating beds shall lead to the discov- 
ery of the hinge of undoubted terminalis, 

LIMOPSIS SUBIMBRICATU8, sp. nov. 

Piatt' I. fi^rs. (J_8. 

Shell small, obliquely subrotund, or obliquely rotund-quad- 
rilateral, of moderate convexity ; beaks placed a little in ad- 
vance of the middle, small but distinct, giving the dorsal 
outline of the shell an apiculate aspect ; hinge-plate ample, 
but gradually narrowed to a strait in the mid-part where its 
lower border is gently subangulated at a point a little back 
of that immediately below the beaks; denticles about twenty- 
three in number, arranged in a divaricate series, median and 
terminal denticles short and minute, the intermediate larger 
and elongate denticles for the most part curved or angulated; 
outer surface of shell smooth, except usually for a few re- 
mote, unevenly distributed, coarse, concentric growth-lines, 
or incipient imbrications; margin entire. 

Measttrcweiif:*, — Hight 19; length 19; breadth 10 mm. 

Orfurnnrf. — ('ommnii in N<». 5 of th<' lirlvidrn' s«»ction. south of th«* 

railwHN station. 

NUCULA CATHERINA, sp. nov. 

Shell small, compressed, triangular, or cuneate-ovate; the 
entire exterior ornamented with numerous concentric rows of 
snuill, closely set, compressed, hyphen-like tubercles, with one 
or two distal, broad, deeply-impressd, concentric growth-lines, 
and with delicate radial stria*; each tubercle set so that its 
trend agrees with the direction of the subjacent concentric 
growth-line, and all of the tubercles being arranged not only 
in concentric series but at the same time in quincunx order, 
so as to form two sets of intersecting, oblique, and gently 
curving rows. 

Meftifttremenfs, — Hight 10.5; length 15; breadth 5 mm., in 
a small specimen. An imperfect larger specimen indicates 
dimensions at least one and a half times these. 

Orrurrfftrf. — In No. '\ ami in th** transition from No, 4 to No. .'I of tho 
li«*IvicU'r(' s<*ction. ono and a half to two mil«*s south w«*st <»f tin* H«*lvi- 
d«»n* railway station. 

None of the three type-specimens show the hinge charac- 
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ters; so that the generic position must, for the present; re- 
main somewhat doubtful, the provisional generic reference 
being based upon the shape and general aspect. The species, 
however, is so strongly marked by its exquisite ornamentation 
that it cannot be mistaken for any other with which I am 
acquainted. It is named in honor of ray wife. 

REMONDIA FERRISSI Cragin. 

Plate 1, fl^'. 1. 

The illustration is from a drawing of the t3^pe-specimen 
made in 1889. when the original description of the species 
(published in Bull. Washb. Coll. Lab. Nat. Hist., Vol. 2, No. 
10, Dec. 1889, p. 68) was prepared. 

Attention may here be called to some errors which crept 
into tttat description. In the fourth line of the description, 
the ratio, '%S: 7,'' should read 7:8. In the fifth and tenth 
lines, the word, ''convex,'' should read, concave. 

The type was from No. 3 of the Belvidere section : but the 
writer has recently collected several other examples in No. 5, 
south of the Belvidere railway station. These agree well in 
size and outline with the type, and show that the latter was 
an adult specimen, and that the species is quite distinct from 
the Sonoran If, /area fa Gabb. But some of them present an 
ornamental feature not (observed in the type, in having a se- 
ries of several parallel, oblique folds, trending backward and 
a little upward on the umbonal region. The crests of these 
folds are acute, though low, and the troughs are broad and 

shallow. 

CARDITA BELVIDERENSIS. sp. nov. 

Plal.' I. fijrs. 1>-11. 

Shell of small to medium size, triangular or cardiforni, 
moderately to rather strongly ventricose; beaks placed near 
the anterior side and directed strongly forward: exterior of 
either valve ornamented with about 26 ribs, of which 19 (»r 20 
are narrow, prominent,, spinigerous, and separated by valleys 
about twice as wide as themselves, the other 6 or thereabout 
being low, plainer, and crowded: spines of the larger ribs 
much more closely set than the ribs themselves, short, erect, 
subtruncate (commonly appearing as little more than coarse 
granules owing to the weathering of the shell): margin of 
valves deeply notched. 
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Meaaurements. — Hight 28; length 27; breadth 17.5 mm., 
in the largest specimen ; average specimens having about 
two-thirds of these dimensions. 

Omirrcnrt. — Tlu' si)ocit*s abounds imm«'diat«»ly south and southw«\st 
of I^«'lviden'. in the slu'Il-jUatform dt'si;Lrnat«'d as No. ."> of my }i«»lvidHre 
section, associated with SphrnodiHcu» prdernnliit Koem., Schloenbuchui 
prruri4nm Von H.. LimopxiM befridfreuMin i'm*:., Strpuia sp.. <'tc. It is jht- 
hajis tlie commonest fossil of this horizon, exceplinjr the small or 
••/fiV/i" phase of (iryphf^tt pifrhtfri Mort. It occurs here, however, 
mostly in weathered siM'cimens that show the sh«)rt spines as more or 
lesii protuberant jrranules only. It occurs s|)arinjrly in Xo. 3, sometimes 
with the spines beautifully preserved. I have collected a few sj^'ci- 
meiis in the lower jiarl of the Bluff Creek Neocomian section in Clark 
county. Kansas. I have als«> seen s<»veral examples of this six'cies 
amonj: s|H'cimens ci>IIected by Mr. W. F. Cummins in the Tucumcari 
district in New Mexico. 

(7CARDIUM) MUDGEI. sp. nov. 

Size apparently about that of (ardifa hel ridere us is, sheW 
ornamented with heavy, narrowly-interspaced, round-topped, 
radial ribs, and with numerous freely .projecting, concentric, 
lamellar borders, which are relatively more prominent in cros- 
sing the ribs than elsewhere, forming thereupon strong hood- 
like imbrications. Within a space of 9 millimeters on the 
ventral margin of the type specimen, there are 5 ribs, and on 
the largest one of these ribs there are, on the distal 7 milli- 
meters of its length 9 of the hood-like imbrications. 

Offurrrftft.—Sit. 'A of the Helvidere section, about a mile and a half 
southwest of the Uelviden* railwav station. 

Only a part of a siiij^rle valve of this shell has been found, so that the 
jreneric place of the s|>ecies is somewhat doubtful; but the ornamenta- 
tion is of such a character as to readily distin;ruish the sjx'cies. which 
may belonjr to Canfifa or to Prrfunrulutt. 

The Fox Hills bivalve. IWtunruluM MuhimbrirntuM }i\. \. H.. as fijjured 
in Meek's Cretaceous Invertebrata, PI. 28, S\\i. 14 a, is a shell whose orna- 
mentation n*calls. but d<M's not siHH'iflcally duplicate, that of the pr«'S- 
eiit siM'cies, its hixKl-like spines, or imbrications, beinjr less pn>minent 
than in the latter and otherwise ditfen^nt. 

The sjH^cies is named after that most excellent pioneer worker in Kan- 
sas jreolo^ry, the lati* Prof. lienjamin F. Mudjr**. 

CARDIUM (NEMOCARDIUM) BIS0LARI8, sp. nov. 

Plate I, tt^. 1«. 

Shell small, quadrilatcrally or subtriangularly rotund, of 
moderate convexity; beaks subcentral, slightly in advance of 
the middle; posterior fourth (or less than fourth) part of 



Incertthrntn from the Xeocomian of Kansas. — Cra(/in, 7 

outer surface ornamented with thirty or more, slender, radial 
costellie, the anterior three-fourths being devoid of concentric 
costella* and marked with extremely delicate and crowded 
radial stria*; inner part of free margin delicately notched, 
or crenulated. 

The costelhe of the posterior part are not visibly echinate 
in the types. 

Jfeasaremenfs. — Hight28; length 21: breadth 15 mm. 

Orrurrtnn — Mo(ltM*at«'lv (Munmoii in No. ."> of ih«* H«'lvi<lc»n' section, 
south of thi> railwav station. 

ROUDAIRIA QUADRANS. sp. nov. 
Platr I. tl^rs. 14 and lo. 

Shell small, short, strongly elevated, triangular, the discs of 
moderate convexity ; beaks situated considerably in advance 
of the middle, elevated, somewhat compressed on the anterior 
part and strongly so on the posterior, curved inward and 
downward and directed somewhat forward; no distinctly lim- 
ited lunule; anterior and discal slopes flattish-convex, sepa- 
rated from each other b}^ a broadly-rounded, scared}'' appre- 
ciable angulation, their outer surface marked only by ordinary, 
unequal, concentric growth-lines; posterior slope (about one- 
fourth of the valve) strongly flattened, separated from the 
discal slope by an abruptly rounded angulation, and orna- 
mented by numerous linear radial costelhe separated by 
grooves of about their own width. 

Measarevtents, — Ilight50; length 47 ; breadth 30 mm., in 
the largest specimen. Most of the other specimens before me 
are relatively shorter and some of them much so. 

Orrurrencf. — Southwrst of IVIvi(h»n'. in No. .T of tin* IVlvidcn' .section: 
chii'flv n«*ar th<' transition from No. 4 to No. W. 

Tito 4'xact number of radial cosi^'Ilip is not shown in tliH tyjx's: but in 
th»' wcdl-pH'servt'd part of the striated area one example shows fifteen 
and indicates apparently between twenty and thirty for th(; full num- 
ber. Two of the tyiH*-s|M»('imens are much larjrer than that selected for 
illustration, an<l one of these is of a short, eh'vated form, the t)lher rel- 
atively lonjrer. showinjr that th«' shell is subject to considerable varia- 
tion. 

TAPES BELVIDERENSI8. tp. nov. 

Plate I. tijrs. 1-2, \X 
Shell of medium size, ovate, or in elevated specimens tri- 
angular, ovate, the superior Outline excavated in advance of 



8 The American Geologist, Jaly,i894 

the beaks: valven of moderate convexity, rather thin, beaks 
placed at lees than one-third of the length from the anterior 
extremity, only moderately prominent (their summits rising,, 
in adult specimens, about two millimeters above the cardinal 
teeth) ; hinge of moderate size; the three divergent qardinal 
teeth separated by clefts of subequal amplitude but very deep 
and abruptly excavated in the case of the anterior cleft and 
less so in the posterior: anterior cardinal tooth small, second 
tooth larger and compressed but not sharply so, third large, 
broad, flattish-topped and feebly channeled or bifid; posterior 
lateral tooth rather large and long; surface marked with 
ordinary concentric growth-lines of which a few, not regu- 
larly spaced, are usually much stronger than the rest. 

Measurements. — Hight 45 : length 49 ; breadth 22 mm., in an 
elevated example. Fig. 12 shows an example of the more 
elongate form. 

Occur re net. — In Xo. W and \ of the Hi'lvidcn' srclion. south and S(»nth- 
Wfst of \\\v railwav station. Most (•omm(»n near tin* transition from 
tin* forin«*r to tin* latter hori/on. Sprcinn'ns in tin* upiwr part of A frr- 
(puMilIv occur as casts an<l moulds, wliilo llios4' in llu* lo\v«'rpar! of .*{ 
arc usually wt'll prcs«*r\«*d. 

None of the rather nuni(*r()us sj)eciiiiens before me show the 
pallia! line or the teeth of the left valve, but one specimen 
shows the posterior adductor-scar to be only faintly im- 
pressed. 

There is considerable variation in the form of this shell. 
In some examples, the hight is etjual to only three- fourths of 
the It ngth, the outline^ in such being subovate ; in others, the 
hight becomes full}' equal to the length and the outline accord- 
ingly is m(ne triangular. 

LEPTOSOLEN OHERENSIS, sp. nov. 

Plat.' 1. tiir. -i. 
Shell compressed, elongated, subrectangular, the hight con- 
tained nearly two and a half times in the length: dorsal and 
ventral margins nearly parallel back of the beaks, and some- 
what convergent anteriorly from them : anterior margin 
rounded, posterior truncate : beaks at abcuit the anterior third 
of the length: valves thin, each presenting a broad, low, and 
gently elevated, distally widening fold, which extends from 
the beak obliquely downward and forward to the antero-ven- 
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tral margin; cast marked with a strong, distally narrowing 
and shallowing sulcus which radiates from the beak down- 
ward and slightly forward, becoming obsolete before it reaches 
the ventral margin, and indicatinga corresponding rib on the 
inner face of the valve; surface of cast marked with crowd- 
ed, fine, concentric, and coarser, rather remote, and evenly 
distributed growth-lines. 

Measurements, — Hight 13; length 82 mm. 

Orrurrenre. — The fijriin» of this spt'cifs was dniwii sfveral yoars sinct^ 
by the writer, who obtained the tyin* and only known si>ecinien from 
dark chiy shah- in the ''Blue Cut" of the A. T. iS: S. F. railway, on 
Otter creek, a ft'w mih*s south-southwest of Helvidere. It was a.ssoci- 
aled with Cyprimtria yrndata Cra^-. Citrdium knuMmeunr Mk.. Tvm- 
tdla Mtriatim-f/rft Nit lata Uoem., tyehUnnlMichvt pfntriana Von H., Sphem*- 
(lv*niH pedentaliit U<M»m.. and other sjM'cies belon;rin^ chiefly to No. '< of 
the Helvi(h're section. 

MACTRA ANTIQUA, sp. nov. 

Shell small, triangular, longer than high, of very moderate 
convexity; upper anterior margin of either valve, in advance 
of the feebly excavated beak-front, forming nearly a straight 
line a little shorter than the feebly convex line described by^ 
the supero-posterior margin; anteumbonal and postumbonal 
slopes depressed so us to present a broad and shallow radial 
sulcus, the anterior sulcus separated from the discal surface 
by a slight angulation ; beaks slightly in advance of the mid- 
dle, their apices turned inward and but very little forward; 
hinge narrow; the anterior ^\-shap?d cardinal tooth of the left 
valve short and stout, its sinus shallow; posterior cardinal 
narrowed above, broad below, the broad lower extremity bear- 
ing on its anterior side a short denticle which imperfectly 
subdivides the cartilage-pit. 

MeaHiiremt'ufs. — Might 23.5; length 27; breadth 1(5 mm. 

Ori'ttrrtHrt. Several sfwciniens from the traiisilit>n l>elwe«*n No. land 
N<i. '\ of the Helvidere section: one to two miles southwest of Helvidere 
station. 

The occurrence is interest in«r. as the jrenus Martra is chiefly charac- 
t<*rislic of recent and Neocene times and is hut sj)arin^ly represt'uted in 
the lower Cretaceous, ^f. ocrulfa u[ the upiMT .lurassic bein;: the ouIn 
s|M*ci<'s of this jrenus knt»wn to occur earlier than the Neocomian. 

MARGARITA MARCOUANA. sp. nov. 
Shell turbinate, spire moderatel}' prominent; whorls four 
and a half, convex, increasing rapidly in size, the large body- 
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whorl obliquely flattened below and above; aperture subeir- 
cular, apparently as high as wide; no umbilicus; columella 
flattened below; whorls marked with prominent, oblique 
growth-lines, and ornamented with three strong, equidistant^ 
coarsely but regularly beaded carina* above which, on the 
body-whorl, is a fourth smaller one close to the suture. 

Jfeasuremotfif. — Hight 15; breadth 14.5 mm.; divergence of 
slopes 85 degrees. 

(Prrumnre. — Two sfH'cinnMis only of this six'cies an* known. Thrs«' 
wiMv obtaintHl: ont* in No. ."> of thi» Iit'lvi<l»Tf* si'ction. thr«M» fourths of 
a milt* south of thf railway stati<»n: the other from No. \\, about a mil«»^ 
and a half southwest of th»* station. 

Th«' specifs is v«»ry closfly n*lal»'d to -V. mudf/cauft Mk.. from which 
it is distinjifuisht'd chiefly by the bea<h*d character of the revolvin**' 
carina*, a character which alst> distinjjuishes It from Turbo rrtdi 
K|>n^. Our sjM'cimens are som<*what smalh*r than the tyiw* of .V. 
itiu(f(/f'fimi, as ti«rured by Meek. 

The sp«»cies is named in honor of Mr. .lules Marcou. discoverer of 
the American Neocomian. 

MARGARITA (80LARIELLA) NEWBERRYI, sp. nov. 

Shell thin, low-turbinate, or spherico-turbinate, consisting 
of about four rapidly enlarging whorls, spire small and low, 
the sutures rather deeply impressed, the body- whorl very large 
and ventricose ; surface of each whorl ornamented with coarse,, 
unevenly elevated revolving lines or granuliferous ridges, the 
intervals between which are marked with usually two similar 
but much finer revolving lines, the whorls being also obliquely 
crossed by a system of rather remote, narrow, raised lines 
which proceed from the apex down the slopes of the shell 
with a somewhat sigmoid, or sickle-like, curvature and pro- 
duce more or less distinct eminences at thein intersections 
with the revolving ridges. Of the primary revolving lines or 
ridges, there are six or seven on the flank and shoulder of the 
body-whorl. 

yfeaauvements, — Hight of shell 18.5; breadth of body- 
whorl 15 mm.; divergence of slopes 104 degrees. 

Orrurrenrf. — The type and only known siM*cimen of this sfM-cies was 
f<»und in No. 5 of my Ii«»lvidere .s«»ction, half or three-fourths of a mile 
south of the railway station, associated with (iryphifa pitrfitri, var. 
hiiU, (\irdita helridrrrmnM, i»ic. 

The base of the type sij«*cimen is imjMTfect, and (hn-s not show tln" 
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HiJiTlural details nor tlu* ornamentation of the lower part of the body- 
whorl. Th«^ broken surface apparently indicates an oj^n umbilicus, 
but not so plainly as to banish doubt. 

The species was named in honor of the lat«' illustrious Dr. .1. S. N«*w- 
berry: t'arliest j^eolo^ical «'xplorer of south w«*st«^rn Kansas. 

TROCHUS TEXANUS Roem. 

A single well preserved specimen of this rare Trochus was 
obtained about two miles southwest of Belvidere station, from 
No. 8 of the Belvidere section. This, so far as the writer is 
aware, is the first reported occurrence of the species outside 
of the type- locality. 

The shell is a little more elevated than the example figured 
bv Dr. Roemer, owing to the less rounded character of the 
apical part of the spire; and, though the spiral lines of gran- 
ules are five in number on each whorl, the ornamentation is 
somewhat finer than in that example. But as the Kansas 
shell is also somewhat smaller, the granules would necessarily 
be smaller also, and the variation from the Texas form, in 
ornamentation and angular divergence of slopes, indicated by 
this specimen does not, at furthest, equal that seen in 
Tnn'iteU<( seriafim-yramtlntn Roem. 

The measurements of the Kansas shell are: hight 14.5; 
breadth of the body-whorl 11.5 mm.; divergence of slopes 
(lower part of shell) 51 degrees. 

PETERSIA MEDICINENSIS, sp. nov. 

Shell of medium size, consisting (»f five or more ( V six or 
seven) whorls, spire rather short, acute, equalling about or a 
little less than half the hight of the shell ; whorls shouldered 
and ornamented with numerous closely-spaced, raised, revolv- 
ing lines and with prominent but rather narrow vertical ribs 
or folds, of which latter there are about 14 on each of the 
lower whorls; aperture elongate, subquadrilateral, bent 
slightly backward below to form a very short or rudimentary 
notch-like canal, and with a somewhat similar rounded, everted 
notch at the upper (posterior) corner; spindle short; inner 
lip, within, bearing, opposite the middle of the aperture, two 
oblique, parallel, narrow, sharply-raised folds which do not 
extend outward to its slightly thickened and everted border; 
outer lip with a sharp, slightly crenulated edge, back of 
which the newest fold (in the stage of growth shown in the 
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younger, but more perfect, of the two type-specimens) forms 
a rib-like thickening. 

Measurements, — Hight 21 : breadth of body-whorl 11.5 mm; 
divergence of slopes 52 degrees, — these being the measure- 
ments of a young shell. An imperfect specimen, which per- 
haps represents nearly the adult size, indicates a hight of 
nearly 50 mm. 

Orrurrenre. — In No. *^ of the I<t'lvid«TH section, about a mih* and a 
half south of the railway station. 

Tht*n* arc 14 of the coarse vertical folds on the Ixniv-whorl and l.-l on 
the first 8pin*-whorl in the smaller of the ty|M»-siM*cimen.s. 

1 am unable to refer this shell elsewhere than to the up|H*r .lurassic 
jfenu.s. PeferMta. 



CAUSES AND CONDITIONS OF GLACIATION. 

By Wabrbx Upham, Somerville, Mass. 

At the meetings of the British Association in each of the 
past two years the causes of the Glacial period have been dis- 
cussed from new points of view. One of these papers, pre- 
sented in 1S92 by Percy F. Kendall and J. W. Gray, is fully 
published by Mr. Kendall in the Transactions of the Leeds Geo- 
logical Association for Feb. 16, 1893 (pages 53-70). This 
paper holds that the Glacial period came on with extreme 
slowness; that it was of long duration (an estimate of at 
least about 11,000 years being given for the time of growth 
of the European ice-sheet, and two-thirds as long for the 
North American) ; that the (ilacial period ended ver^^ abrupt- 
ly'' ; that the level of the British Isles was nearl}' the same at 
the beginning of the Glacial period as now; that the end of 
this period was very recent in a geological sense (the esti- 
mates of 10,000 years, or less, for the Postglacial epoch, as 
drawn from the rates of recession of the falls of St. Anthony 

ft 

and of Niagara, being accepted); and that there has been 
onl}' one epoch of glaciation. This review of the Ice age for- 
bids an explanation of its causes by the astronomic theory of 
Croll, Geikie, and Ball. Against the American theory that 
great uplifts of the drift-bearing lands brought on their cool 
and snowy climate and glacial envelopment, and that final 
subsidence under the weight of the ice-sheets caused them to 
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be melted away, it is objected that the Pliocene and Pleisto- 
cene marine deposits of portions of the shores of Great Brit- 
ain leave no room for such changes there in the relations of 
land and sea. The authors conclude, therefore, that the Ice 
age was probably due to great variations in the he»t of the 
sun, but how these could be caused is left in uncertainty. 

A second paper, presented to the British Association in 
1893, was by C. A. Lindvall, a Swedish engineer of high at- 
tainments in his profession, whose attention during many 
years of observation has been much given to the problems of 
the glacial drift. His views had been set forth, however, two 
years earlier in a pamphlet of 48 pages, with five plates, pub- 
lished both in Swedish and English at Stockholm in 1891, en- 
titled, *'The Glacial Period : essay on its Origin, Effects, and 
End; as also the Possibility of its Recurrence.'' The drift 
deposition is ascribed to marine submergence with icebergs 
and floes, which are thought to have been borne over Scandi- 
navia, a large portion of Russia, northern Germany, and the 
British Isles, while only the highest parts of the Scandinavian 
plateau rose as islands of the sea laden with the ice of Arctic 
currents. If such submergence should recur, Mr. Lindvall be- 
lieves that an Ice age would be reinstated. Inquiring what 
were the climatic conditions of the earth during its earlier 
eras, he writes : 

We then view our jrlobe in the early dawn of time, a glowing mass 
surrounded by a thick veil consistinjr of almost all the water and other 
volatile matter on our earth, bi'injr kept in a gaseous form by the in- 
tense lieat. With the intrej>idity of youth it cares but little for the 
warmth of the sun, being as hot at the [xjles as at the ecjuator. Hut 
spite of its covering it loses heat by radiation, and as the earth C(K)1s the 

etfect of the sun bi'comes more and more preceptible First at th»* 

|M»les and so gradually farther down, vegetable life commenced: this 
vegetation being accelerated by the heat of the earth twneath, iK>uring 
rain from above, and an atmosphere saturated with cart>onic acid, — all 
to such an extent that we can show no jmrallel: but the prtMlucl of 

course was luxuriant in due profK^rtion During all the jierioiis of 

successive changes of climate and vegetable life in the ix)lar lands, with 
the sole exception of the very latest f)eriod, a more or less bnwd belt 
has probably existed at the equator which was far t(K) warm for plants 
or animals to exist there. 

In Falsan's '*La PeriodeGlaciaire" (1889), of which a re- 
view appeared in the American Geologist for July, 1890, an- 
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other theory of the causes of the Ice age is given, which makes 
it depend on high altitude of the glaciated regions, but draws 
attention especially, like Lindvall, to the changes in the rela- 
tions of solar heat to the earth. This view, proposed by Dr. 
Blandet, and adopted by the Marquis de Saporta, Prof, de 
Lapparent, M. Falsan, and others, is presented in the follow- 
ing translation by Kendall in the Glacialists' Magazine for 
January, 1894 : 

The sun must ct*r!ainly have passi'd Ihroujrh ditferfiU states, and 
have prcKluoed at the surface of th»* earth various phenomena f»rotM)r- 
tional to the magnitude of his successive diameters. With an apparent 
diameter of 47°, the distribution of lijrht and heat, as M. de Lap|)arent 
has shown, would no hinder corres|H)nd with the order of thinjrs estab- 
lished to-day. The differentiation of the seasons disappears, no i)art of 
the earth remains plunged in lonjf nijirhts, latitude loses a ^reat part of 
its influence, the iK»les enjoy a mild temi)erature, and, at the torrid zone, 
the nebular state of the sun attenuates and comjx*nsates for the excess 

of heat which would have resulted from its j)roximity to the earth 

Thes<* facts once admitted, and it would be difficult to gainsay 

them, many jreolo^ical problems find their immediate solution. It is 
no h»nf?er a strange anomaly to see the rich ve>ret at ion which has jj rown 
about the jKile in ancient jreological eiKichs, and even till after the Mid- 
dle Tertiary times. One understands why, over all the earth and at all 
Hjxjchs, there succeeded a series of plants of which the unif(»rm devel- 
4»pment was favored by the e(piability of climates and of seasons: how 
the plants have finished by disap{M*arinjr from the jKiles. and by mijrrat- 
ing to the south, when the sun, always concentrating uikui itself, couhl 
send them only feeble and oblique rays. Then the climate of the iK)les 
was slowly mmlifled, the seas<ms were i>rojyrressively accentuated, and 
the atmospheric humidity was able to supply abundant precipitation 

4»f snow By the effect of solar concentration and of the changes 

ojierating in the mode of distribution of heat, the new climatic condi- 
tions resulted in a state of unstable (>(piilibrium. They could easily he 
modified by a host of circumstances previously of no effect, such as 
latitude, the variable action of marine and atmospheric currents, the 
on»genic movements of the earth, that is to .say, the relief of mountains. 
These oscillations became stronger in proportion as the terrestrial crust 
acquired greater thicknes.s. and th«'y even acquired a preininderanl iii- 
tluence in the establishment of glacial conditions. 

A fourth theory, analogous with the three preceding, but 
more bold in its assumptions, disregarding many well ac- 
cepted conclusions of geologj'', as the continuous descent and 
development of floras and faunas, including those of the sea, 
and supposing ice-sheets to have extended over even inter- 
tropical land areas, has been thought out by Mr. Marsden 
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Manson, a civil engineer of San Francisco, California. This 
ingenious and well argued hypothesis is published in volume 
VIII of the Transactions of the Technical society of the Pa- 
cific Coast (Sept., 1891), and separately, in a somewhat mod- 
ified and more extended form, in a pamphlet of 49 pages, 
^'Geological and Solar Climates, their Causes and Variations'' 
(Department of Geology and Physics, University of Califor- 
nia, May, 1898). Kendall reviews Mr. Manson's work as fol- 
lows in the February number of the Glacialists' Magazine: 

According to the author, during the early staj|;esof (MMtlin^of the earth 
water-vap(»r would be present in the atmosphere in such quantities as to 
<iuite shut out the heat rays, though not the light rays, of the sun: and 
therefore the etfectof the solar rays would belimited to heating the outside 
of a cloud shell, and so retarding the secular C(H)ling of the earth. The 
cloud canopy would b<* 4»tfective in obstructing Ingress as well as egress 
4)f heat rays. The isotherms would dejH'nd solely uiK)n altitude and not 
at all uiK)n latitude. As the earth slowly c(K)kHl, the isothermal shells 
would successively shrink down upon the surface. When the surface 
temperature was 90° P., *'a particularly uniform, moist, and highly tor- 
rid climate was established, culminating in the Carboniferous 

age." With further cooling, temfn'ratures corresi)onding with tropical 
and then temi)erate climates would prevail the W(»rld over. The iso- 
therm of .32° F. would touch the mountain tojis and a snow-line would 
be produced. "From the moment that snow Ix'gan to accumulate, 
<fvery remaining vestige of earth heat was available for producing those 
C(»nditions favorable to glaciation, namely, warm .sea.s, dense fogs, and 
cold continental areas: and every unit of solar energy reaching the up- 
jH'r regions of the atmosphere was available for maintaining those favor- 
.able conditions, (alaciation under these conditions would be cumula- 
tive until the <»ceans, e.xhausted of their heat and lessened in area, 
were no longer able to supply the moisture n»'ces.sary to completely 
shroud the earth from direct solar heat." 

The culminati(»ii of the Ice age. according to the author, was made by 
the gradual r(»duction of the waters of th«» oceans to a temiwrature of 
H\^ F. down to the bottom, the present bottom temperature of the 
oceans, and th«' cons<*quent reduction of evajKiration jw^rmitted the sun's 
rays at last to break through, and to their heating power the disapijear- 
anr«* of the ice-sheets is ascribed: but. just as the high sjH*cific heat of 
water kept the oceans warm long after glacial conditions had suj)er- 
vened uiK)n the land, so now the same pm|>f»rty retards their recovery 
under the genial influence of the radiant heat of the sun. In the author's 
opinion th»» climate of the whole earth is becoming warmer, and he ap- 
lw»als to the general retreat of glaciers in pnxjf. 

Each of these discussions doubtless presents, in greater or 
less degree, some useful portion or hint of the truth; but each 
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also seems to the writer to be, in important portions, erro- 
neous. With acceptance of the review of the Glacial period 
as given by Kendall and Gray, there appears no warrant for 
their opinion that it was caused by a diminution, and ended 
by an increase, of the sun's heat. During the centuries of 
written history, and especially during the past century of 
critical investigations in terrestrial and solar physics, no vari- 
ations of this kind have been discovered. Such a cause of 
the glacial accumulations would have enveloped Alaska and 
Siberia with ice-sheets and their drift deposits. The anoma- 
lous geographic distribution of the drift forbids this hypoth- 
esis. Prof. H. A. Hazen, of the U. S. Weather Bureau, in a 
paper contributed to the Engineering Magazine for March, 
1893, shows that the climates of Palestine, Egypt, and China, 
have undergone no appreciable change during the past 8,000 
to 4,000 years. 

The fully proved land-ice origin of the general drift sheets 
in North America and Europe elFectually opposes LindvalPs 
theory of the nature and causes of the Glacial period ; and 
the remains of past life in the rock strata are discordant with 
his supposition concerning the torrid zone previous to the 
Quaternary era. 

If we should accept Tait's and Newcomb's estimate, that 
the existence of the sun since its contraction past the place 
and time of its shedding off the matter which now forms the 
earth and moon, has been no longer than about ten millioiv 
j'ears, we should surely require for the geologic record all the 
time possible under that hypothesis. Life might then be sup- 
posed to have begun on the earth when the sun was so large 
as Blandet and Falsan suggest; but more probably the sun is 
vastly older, as one to two hundred millions of years, so that 
the solar contraction and intensity of heat became nearly 
what they are now before the time of the oldest known fauna 
of the Cambrian rocks, which, to judge from its stage of de- 
velopment, was far from the beginning of life on our planet. 

The occurrence of many and distantly separated areas of 
late Carboniferous or Permian glaciation, marking the only 
time of wide prevalence of glacial conditions previous to the 
Pleistocene ice age, as reviewed by C. D. White in the Ameri- 
can Gkologist (vol. Ill, pp. 299-380, May, 1889) and in 
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Wright's ''Ice Age in North America'' (pp. 435, 592), is in- 
consistent with Falsan's and Manson's views, which have no 
place for general glaciation before the Pleistocene period. 
Another obstacle to Manson's hypothesis of a continuous cloud 
envelope till aft^r the Quaternary glaciation cor^sists in the 
extensive deposits of rock salt and gypsum found in strata 
as old as the Silurian and Cambrian, since these beds could 
only be formed by evaporation of lagoons shut off from the 
sea, or of saline lakes, under a drying atmosphere. 

The epeirogenic theory of glaciation, thought out by Dana, 
Le Conte, Wright, and other American glacialists, and by 
Jamieson in Scotland, which has been presented in the Am. 
GEouxiisT (vol. VI, pp. 327-839, Dec, 1890; vol. xiii, p. 278^ 
April, 1894), in ''The Ice Age in North America" (pp. 573- 
595), and the American Journal of Science (vol. xlvi, pp. 
114-121, Aug., 1893), is held by Falsan to account for the 
Glacial period, but it is rejected by the other authors here re- 
viewed. The chief objection urged against it, which is pre- 
sented, as before noted, by Kendall and Gray, consists in an 
approximate identity of level with that of to-day having 
been held by some drift-bearing areas at a time very shortly 
preceding their glaciation. This is clearly known to have 
been true of portions of Great Britain and of New England. 
In respect to this objection, it must be acknowledged that the 
preglacial high elevation which these areas experienced was 
geologically very short. With the steep gradients of the Hud- 
son, of the streams which formed the now submerged chan- 
nels (»n the Californian coast, and of the Congo, these rivers, 
if allowed a long time for erosion, must have formed even 
longer and broader valleys than the yet very impressive 
troughs, continuing to depths of 2,000 to 6,000 feet beneath 
the sea level, which are now found on these submarine conti- 
nental slopes. But the duration of the epeirogenic uplift of 
these areas on the border of the glaciation for the Hudson, 
beyond it for the Californian rivers, and near the equator in 
western Africa, can scarcely be compared in its brevity with 
the prolonged high altitude held during late Tertiary and 
early Quaternary time by the Scandinavian peninsula and by 
all the northern coasts of North America from Maine and Pu- 
get sound to the great Arctic archipelago and Greenland. 
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The abundant long and branching fjords of these northern 
regions, and the wide and deep channels dividing the many 
large and small islands north of this continent, attest a very 
longtime of high elevation. there. At the time of culmina- 
tion of the long continued and slowly increasing uplifts at 
the north, they seem to have extended during a short epoch 
far to the south, coincident with the formation of ice-sheets 
in high latitudes. But when these lands became depressed 
and the ice burden of the glaciated countries was removed, 
they in some instances, as in Great Britain and New England, 
returned very nearly to their original levels, beautifully illus- 
trating the natural condition of equilibrium of the earth's 
crust, which Button has named isostnsy^ that when not sub- 
jected to special and exceptional stresses it acts as if floating 
on a heavier plastic and mobile interior. 

In the great erosion of the Lafayette formation on the At- 
lantic coastal plain and Gulf border of the United States, 
and in the lower Mississippi basin, which formation is re- 
garded by Hilgard, Spencer, E. A. Smith, and the present 
writer, as of early Quaternary age, formed during the initial 
stages of the high uplift that culminated in the Ice age, wr 
have an impressive record of that epoch of great altitude of 
the northern and principal part of this continent. Similar 
rapidity of erosion must also have ensued when any moderate 
retreat of the ice-sheet during the time of high uplift and ice 
accumulation permitted much of its drift gravel and sand to 
be deposited, as in the valle3's of the Ohio river and its trib- 
utaries, described by Chamberlin and Leverett in the April 
number of the Am. Journal of Science (also see the Am. Geol- 
ociisT for March, pages 217-219). With an elevation of that 
area probably 3,000 feet higher than now, giving its streams 
far more rapid descent, and with the aid of a dam formed by 
the ice-sheet crossing the Ohio valley at Cincinnati while 
most of the valley drift was being laid down, and the subse- 
quent removal of this barrier while the stream erosion took 
place, we may well suppose that an interval of a few thou- 
sand years between the stages of ice advance would suttice for 
an amount of stream channelling man}' times greater than has 
been accomplished in the less abundant later deposits of val- 
ley drift during all the Postglacial epoch of low altitude and 
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gentle river currents. The same lapse of time would also 
8ufflf?e for the amount of leaching and oxidation of the earli- 
est drift which Mr. Leverett has observed in sections of its 
former surface now covered by thick deposits of later drift in 
Illinois, Indiana, and Ohio (Proc, Boston Society of Natural 
History, vol. xxiv, pp. 455-459, Jan. 1, 1890). It may be 
true also that within this interval the rock gorges in north- 
western Illinois described by Mr. Oscar H. Hershey in the Am. 
Geologist for November, 1893, were eroded ; but it is neces- 
sary to scrutinize very carefully the evidences for such rock 
erosion during the Glacial period, lest preglacial channelling, 
done by small tributaries of the main valleys during the 
gradual uplift of the country leading to the Ice age and con- 
temporaneous with the Lafayette erosion, be thus misinter- 
preted. 

The complexity and great length of the Glacial period in 
Europe, with subdivision by interglacial epochs, which are 
taught by Prof. James Geikie in his admirable books and es- 
says, and by Mr. Andrew M. Hansen in the Feb. -March num- 
ber of the Journal of Geology (also Am. Geolocjist, vol. xu, 
p. 225, Oct., 1893), may probably be reduced to a much less 
time and to essential continuity of glaciation. interrupted as 
in America only by moderate Huctuations of the ice borders, 
when we consider the lesson of the Malaspina glacier or ice- 
sheet in Alaska, showing how temperate tioras and faunas 
may be enclosed between deposits of till by oscillations (»f the 
ice front requiring no long time. 

One remaining (juestion, which Prof. R. D. Salisbury has 
recently asked in the Journal of Geolog}- (vol. ii, p. 222, Feb.- 
March, 1894), concerning the departure of the ice-sheet 
because of epeirogenic subsidence of the glacially burdened 
land, may be readily answered. Though the still high surface 
of the greater part of the ice-sheet would not be affected by 
the temperate climate of the country depressed to its present 
level or slightly lower, the warm summers along the ice border 
would cause it to be rapidly melt<?d. This process extended 
inward until all the ice-sheet disappeared. When the progress 
of the marginal melting in the Mississippi basin had given 
generally steep gradients of the ice-front, its more powerful 
currents formed the retreatal moraines and the many lake 
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basins of the unevenly laid later drift which are so strongly 
contrasted with the smooth and attenuated outer portion of 
the drift sheet beyond the moraines., 



THE PRESENT CONDITION OF THE EARTH'S IN- 
TERIOR AS VIEWED FROM THE STANDPOINT 
OF THE NEBULAR HYPOTHESIS. 

By Pbof. W. H. SEAM05, Roila, Mo. 

Although there are now but few, if any, geologists who 
would contend that the earth consists of a cold crust sur- 
rounding a melted interior, many of them, particularly writ- 
ers of text-books, still teach that the earth's interior is very 
highly heated. While we do not find in any recent literature 
any positive statement as to the degree of heat, I am sure 
that I make no mistake, when I assert that Dana, Le Conte 
and Geikie, all give the impression, perhaps unintentionally, 
that the temperature of the earth's interior is so great that, 
were it not for the weight of the superincumbent crust, all 
of it would be in a molten condition, at a temperature much 
hotter than necessary for complete fusion. 

Dana says: '*The rate 1° F., for 60 feet of descent, in 
the latitude of New York, would give heat enough to boil 
water at a depth of about 9,000 feet ; and 3,000° F., at a depth 
of about 38 miles. But the ratio is not an arithmetical one, 
because both of the greater conductivity of the earth below 
(owing to greater density) and the increased pressure, and 
hence the depth of fusion, supposing fusion a fact, much ex- 
ceeds this amount; but how much, has not yet been deter- 
mined.''* 

Le Conte says: "From the facts given above it is probable 
that the temperature of the interior of the earth is very great. *;f 

After a very clear and able argument showing the effects of 

pressure in deepening the fusion level, if fusion exists at all, 

he says: '*From this line of reasoning, therefore we conclude 

that the solid crust of the earth must be much thicker than 

is usually supposed, and there may be even no interior liquid 

at all."t 

♦Dann's Manual of (n'oloj^y, pa^i' 717. 

fLf C\»nlu*s Eh*mi*nts of Geology, third ed. (181)1), page 84. 

^L<' Conte's Elements of Geulojry, page 8<K 
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In another place we find : "It is a cool crust, covering an in- 
candescent interior."* 

Geikiesays: "It was formerly a prevalent belief that the 
exterior and interior of the globe differed from each other to 
such an extent that, while the outer parts were cool and solid, 
the vastly more enormous inner intensely hot\ part was more 
or less completely liquid." ;J 

In another place he says : "It appears highly probable that 
the substance of the earth^s interior is at the melting point 
proper for the pressure at each depth. Any relief from the 
pressure, therefore, may allow of the liquefaction of the mat- 
ter so relieved."§ 

Astronomical observations do not admit of a liquid interior, 
and compel the belief that the earth throughout is a rigid 
solid, except in certain localities which are most probably en- 
tirely within the outer crust, made liquid by the heat pro- 
ceeding from chemical changes and mechanical movements 
within this crust. 

There are but two good reasons for believing the earth's 
interior to be highly heated at the present time. 

1. The gradually increasing temperature observed as 
depth in the crust is attained. 

2. The nebular hypothesis requires a former very high 
temperature for the earth, making reasonable the assumption 
that much of this primary heat has been entrapped and re- 
tained beneath the crust. 

The observations made in shafts and borings show an in- 
creasing temperature. But the results are very variable, and 
seem to confirm the impression that this increase may be en- 
tirely due to heat produced by chemical and mechanical ac-^ 
tion within the crust. 

Those holding to the retention of much primary heat, have 
felt compelled to give reasons why the interior is not in a 
melted condition. The best reason given, the weight, or pres- 
sure of the superincumbent crust, only augments the ditticulty 
of the explanation; for while pressure may prevent actual 

*Le Conte's KI«*ments <»f CJj'ology. pair<' HWi. 

f Italics are the writ«'r's. 

JGeikie's Text H(H>k of Cieoloiry, second ed. (IHS.')). p.-iije 14. 

iiOeikie's Text Book of Ueoloiry, pajre .V). 
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melting, it will usually increase tiie amount of heat in tlie 
compressed body. 

The crust of the earth possesses the properties of an arch, 
and, as it is composed of oxidized materials, it possesses a 
lower coefficient of contraction than does the metallic interi- 
or. The contraction of the interior would, therefore, be greater 
than for the crust, for equal decrements of temperature; and 
instead of there being much pressure on the metallic interior, 
the probabilities are there is none, resulting from the weight 
of the crust. 

It is the object of this article to show that, proceeding from 
the nebular hypothesis, the temperature of the interior can- 
not be as much as 3,000° F. at any point, except perhaps, but 
not necessarily, localities in the crust, whence proceed the 
fused materials ejected by volcanoes. 

The nebular hypothesis of the earth's origin is so generally 
accepted, and appears to be so firmly based upon observations 
of celestial phenomena, that we should always consider it in 
our speculations as to the history and present condition of 
the earth's interior. 

When the earth was in its nebulous condition, the temper- 
ature, though high, must have been nearly uniform throughout 
the nebulous mass. Matter in the gaseous form so readily 
diffuses, as shown in the present composition of the earth's 
atmosphere, moving most rapidly from hot to colder points, 
that it sc*ems, even in so large a volume of gaseous matter as 
that of the earth in its nebulous condition, the temperature 
must have been kept nearly uniform, down to the time when 
it was condensed to the liquid state. At what temperature 
liquefaction began is a matter for speculation which I have 
not considered. It seems evident however that the first mol- 
ten mass was mainly composed of the heavier metallic ele- 
ments, while the lighter gaseous, alkali, and alkaline earth 
elements, still remained in their gaseous condition, uncom- 
bined with each other. The lamented Sterry Hunt, in an ad- 
dress before the Royal Institution, in 1867, generalized as 
follows: ''The breaking up of compounds, or dissociation of 
elements by intense heat is a principle of universal applica- 
tion, s<» that we may suppose that all the elements which 
make up the sun, or our planet, would when so intensely 
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heated as to be in the gaseous condition, which all matter is 
capable of assuming, remain uncombined, that is to say, would 
exist together in the state of chemical elements." Perhaps 
the hydrogen, oxygen, carbon and nitrogen, may have been 
at that time, or an earlier period, in a condition as highly at- 
tenuated as the hypothetical ether now prevading space, which 
may be after all the only true elementary substance. 

After the formation of the first molten mass, the earth 
would have been constituted very much like our present sun, 
a molten mass surrounded by a gaseous envelope of substances 
in their elementary condition. As the caloric of the gaseous 
envelope was radiated into space, it received heat from the 
molten interior. The temperature of this molten mass would 
not have varied much as to uniformity, since liquids carry 
heat quite readily by convection, tending to maintain a uni- 
form temperature throughout their mass. In fact, the prob- 
abilities are that the molten mass was at first very small, and 
grew in size, as it and the surrounding envelope cooled and 
slowly condensed. Such a method of growth would have 
largely tended to maintain a uniformity of temperature. We 
may presume that this continued until the lighter metals be- 
gan to condense. By the time this point was reached the 
oxygen would have to combine with them and other elements, 
forming acid and basic oxides, which would have readily com- 
bined with each other forming a fused magma. This magma, 
on account of its greater lightness, would have floated upon 
and protected the inner metallic mass. 

On account of the high conductivity of the inner metallic 
mass, it would have poured off its heat to the oxidized magma 
as rapidly as the latter could receive it. This fused magma 
by convection would have tended to maintain the uniformity 
of its temperature; and the heat produced by the chemical 
combinations in the magma and in the atmosphere of the 
earth would have delayed solidification. Finally solidifica- 
tion of the crust began. 

The first crust was of similar composition as diorite or 
syenite.* 

Diorite melts at a temperature of about 2,000° C. As new 
experiments, with better pyrometers, have largely reduced the 

•Le C\)nte*s Elem<*nts of CJfoIosry. jiajrc "il."). 
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formerly accepted melting points of many substances, we may 
expect this result for diorite to be reduced also. It therefore 
seems to me that we may assume the temperature of the earth 
at the period of the solidification of the crust to be about 
8,000° F. 

The temperature of the int^^rior would have prevented a 
rapid thickening of this crust. After the crust had formed, 
the heat of the metallic interior would have still been rapidly 
communicated to the outer crust. It must not be forgotten 
that it was not a case of heating a cold crust; but that the 
heat from the interior had simply to continue to How through 
this outer crust. 

The following equation will give the present temperature 
of the earth's interior, as accurately as the factors can be de- 
termined. 

Present tenn)eratun* of the metallic interior = 

Volume X density X sp. heat X ori^r. tt'mp. X (12.2').* 

Time of C(K)linj? X area of radiating surface X annual loss of h»'al. 

Substituting in this equation the following values and solv- 
ing, we obtain 468° F. as the present temperature of the earth's 
interior. « 

Specific heat of the metallic interior, 0.1. f 

Specific gravity of the metallic interior, 9. 

Time since crust began to form, 60,000,000 years. J; 

Assumed average thickness of the crust during this period, 
fifty miles: diameter of the earth, 7,900 miles. 

Temperature of the earth at the time the crust began to 
form, 3,000° F. 

Amount of heat annually tlowing through the crust, fort}' 
units of heat from each square foot of the radiating surface 
of the metallic interior. 

In conclusion, I desire to say that I recognize that the re- 
sults of my calculation may be criticised, owing to my inabil- 
ity to secure the exact values of the factors in my equation; 
yet that is not the nuiterial point of this article, which is in- 
tended to show, to the supporters of the nebular hypothesis of 

*\VtMi:ht of a rubir foot of watrr in pounds avoirdupois. 

fTliis is abovr tin* avrra^*' sp«'cifle h«*at of the h«'avy m«*tals. 

|Ksiimal<*s of \\\v aj:** of thr old»*st stratified rocks varv from 10,000.- 
lHX)lo2(M).000.(M«)y.*ars. Sn'(teikie*sT««xt Hook of (Jcolo^ry, pp. .'jO and .'>:. 
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the earth's origin, that there is no real necessity for assuming 
or believing that the internal temperature of the earth is high, 
but that instead it is most probably low. 



JNOTES ON SOME LOCALITIES OF MESOZOIC AND 
PALEOZOIC IN SHASTA COUNTY, 

CALIFORNIA. 

By Habold W. Fairbanks, Berkeley, Cal. 

Tntroduction. In the summer of 1891 the writer, while at 
-work on the geology of Shasta county, was fortunate enough 
to make the discovery of several very rich fossiliferous locali- 
ties which appeared to represent horizons previously unknown 
in that part of the state.* Some time later the extensive pa- 
leontological material was placed in the hands of J. P. Smith 
of the Leland Stanford University, who is at present at 
work on it in connection with a more detailed stud}' in the 
field. The field notes are largely those of the writer, but he 
is indebted wholly to Mr. Smith for the determinations of the 
various horizons described. 

General geology. Shasta county occupies the greater por- 
tion of the Klamath Mountain region which drains into the 
Sacramento river. The lava flows of northeastern California 
have covered the eastern half of the county, reaching nearly 
to the Sacramento river on the south, while in the northwest 
corner a small flow descended the vallcv of the same stream 
for a number of miles. That portion of the county to the 
north and west of Pitt river as far as Big Bend is wholly free 
from the lavas, and it is in this region that the richest fossil- 
iferous beds occur. The mountain ranges have a north and 
south trend and rise from two to three thousand feet above 
the valleys, being very rocky but not precipitous. Although 
there is some timber the greater portion of the surface is cov- 
ered with dense brush, making it difficult to traverse except 
over the old trails. 



*Th«» r«*iK)rt on th«' ^«*<»l(»^v of Slinsta coiiDty coiitaiiiin;: a d«'scription 
of th(»se di.scovi*ri<\s would hav«' b»MMi issiunl bv tht* California State Min- 
ing Hun*aii in the winter of l.SJ>ti-^{, but owini: to the refusal of the (iov- 
ernor to have the whole printed it was cut down and much of the ireo- 
loirical iM>rtion h*ft out. 
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The geological structure of the central and north central 
portions of the county, lying immediately west of the lava, is 
comparatively simple. In the regularity of strike and dip of 
the strata over considerable areas it more resembles that of 
the Sierra Nevada than the Coast ranges. Eruptives too are 
of rare occurrence in the north central portion, that region 
lying between Kosk's creek and the upper Sacramento. While 
so much of Shasta county is auriferous, there is hardly a trace 
of the precious metals in this region. The metamorphic se- 
ries consists to a great extent of slates. Toward the western 
side of the county in the direction of the higher ranges of the 
Klamath mountains there is a considerable change in the 
character of the sedimentary rocks. Although there are large 
areas of slate, yet fine silicious conglomerates are very promi- 
nently developed. The strike and dip also become very ir- 
regular because of the many large musses of intrusive rock. 
It was in Shasta county that the Carboniferous was first rec- 
ognized in California. Dr. Trask made a considerable collec- 
tion from the Gray or Marble mountains near the mouth of 
the McCloud in 1854. Later work was carried on by Whit- 
ney's survey, but no important addition was made to our 
knowledge of the metamorphic series. 

In 1883 J. S. Diller. of the U. S. Geological Survey, began 
work in this section of California, making collections from 
several new localities of Carboniferous limestones. In 1890,. 
with more complete paleontological material, the limestones 
on Cedar creek were determined as Trias. In the summer of 
1891 the writer found the first Jurassic fossils in place in the 
Big Bend region, although Mr. Diller had previously picked 
up float specimens near Kosk's creek. 

Jurassic <tf Jiiij Caaon. The youngest portion of this series 
of metamorphic rocks is found just west of the lava sheet,, 
whose western border in the northern part (»f the county is 
Kosk's creek and Pitt river. Big Caflon enters the cation of 
Pitt river a few miles below Big Bend, and in this caSlon the 
first Jurassic fossils were found in place. The slates and 
shales vary from black to reddish brown in color, closely re- 
sembling the Jura of Taylorsville. The fossils were not abun- 
dant and consisted almost wholly of lamellibranchs. They 
were found in place and in float boulders in the creek bed. 
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The fossils were studied by J. P. Smith and pronounced to be 
the equivalent of the Hardgrave sandstone, Lower Jura, of 
Plumas county. It seemed probable that a much larger col- 
lection might be made from the upper portion of the cafion, 
but the thickness of the brush prevented at that time any 
farther investigation. The strata are vertical or dip at a high 
angle to the east, and strike nearly north and south. 

Mr. Diller has also obtained fossils from other localities in 
the Big Bend region, apparently higher in the series, for Prof. 
Hyatt considers them as probably equivalent to the Mormon 
sandstone. The Bend formation then consisting of slates and 
argillaceous limestone embraceB tm far as is known the Lower 
and Middle Jura. 

The Trias of Squaw Creek, Farther to the west, the divide 
between Pitt river and Squaw creek is capped by extensive 
limestone beds, which are greatly faulted and broken. The 
limestone begins to outcrop prominently on the south near 
the point where the trail from Madison's to Brock's crosses 
the divide. It extends northwards for about eight miles, 
when its course carries it across Squaw creek. It is known to 
extend to the divide south of the McCloud river. The beds 
are not absolutely continuous, but swell and contract in lens- 
like forms. The northern portion of the limestone and in- 
closing shales has a vertical dip, but about five miles north of 
Madison's the strata change their position, and the limestone 
in part caps the divide, dipping to the east at varying angles. 
The limestone presents bold cliffs several hundred feet high to 
the west, and reaches in places an elevation of 4,000 feet. 
On the summit a little north of the trail to Brock's the lime- 
stone rises in high and rugged pinnacles. Here a rich 
Triassic fauna was found. The fossils are chiefly cephalopods 
and are well preserved; a large number of species was col- 
lected, many of them being new. In a gulch at the southern 
extremity of the main limestone range there is an opportunity 
to study the transition from limestone to slate, made doubly 
interesting by the fact that some species in the limestone can 
be followed for several hundred feet mio the argillaceous 
slate. These fossils were studied by J. P. Smith, who re- 
ported them to belong to the Karnic division of the Upper 
Trias, while the calcareous and argillaceous slates are proba- 
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bly of Lower Karnic age. The limestones are considered by 
him as the equivalent of those on Cedar creek, south of Pitt 
river. In relation to the Taylorsville Trias, he considers the 
limestone equivalent of the Hosselkus limestone, and the un- 
derlying Ammonite slates the equivalent of the Halobia slates. 
The conclusion based on a study of the field was that the 
Squaw creek limestone and associated fossiliferous strata oc- 
cupy an intermediate; position between the Jura of Bigcaflon 
and the Carboniferous of the McCloud. The argillaceous slate 
below the limestone is followed in the direction of Squaw 
creek by silicious slates, having a nearly vertical dip. In the 
latter, fully 2,000 feet below the limestone, several poorly 
preserved specimens of brachiopods were found. 

The silicious slates continue southward and are probably 
the equivalent of those at Silverthorne's ferry, where there is 
an exposed thickness of nearly 2,000 feet. According to 
the paleontological evidence obtained here by J. P. Smith, 
he would place these slates in the Middle and possibly the 
Lower Trias, of which there are no equivalents at Taylors- 
ville. It is intended to apply the term Pitt shales to these 
rocks, which, together with some Upper Carboniferous strata 
(McCloud shales), twenty miles above the Fisheries, shall be 
embraced under the designation Pitt formation. 

The Carboniferous of the JfcCloud Hirer. — The Gray or 
Marble mountains of the McCloud river, as a high and rugged 
range, border that stream for many miles on the east. In the 
vicinity of the United States fisheries the scenery is very 
picturesque. The limestone is much disturbed, in places be- 
ing nearly^ vertical, in others dipping to the east at an angle 
of thirty degrees or less. Whitney estimated the thickness 
at the fisheries as 1.000 feet, but it seemed to the writer 
much greater, probably twice that amount. Dr. Trask coH^lh*- 
ted the most of his fossils from near Hasses ranch south of 
Pitt river, the limestone being the southern continuation of 
that on the McCloud. 

The lowest horizon recognized at the fisheries is a black 
silicicms shale, probably 500 feet thick (Baird shales), the 
fauna of which Mr. Smith considers analogous to the Waverly, 
but that the stratigraphical position is higher. The fauna 
is chiefly molluscan. This fauna seems to appear at a num- 
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ber of plaees below the limestone as far up the rivfer as 
Campbell's. The shales outcrop most prominently on the west 
side of the river just above Baird P. O. Here they are very 
highly metamorphosed in places by dikes of diabase and dia- 
base porphyrit<?. Four miles above, two specimens of trilo- 
bites were obtained from a dark calcareous shale. They were 
submitted to captain A. W. Vogdes, U. S. A., who stated that 
they were quite similar to Proetcs ellipticKs from the Lower 
Carboniferous of the middle states. 

The limestone peaks along the east side of the McCloud ex- 
tend in a north and south direction, but the strike of the strata 
is about north 30 degrees west. The repetition of the lime- 
stone bodies in the north and south direction, as well as that 
of the fossiliferous beds along the river, is undoubtedly due 
to sharp folding or faulting. If this were not so the thick- 
ness of the limestone would be immense. The McCloud lime- 
stones are considered by Mr. Smith as belonging to the Upper 
Carboniferous. The fauna consists chiefly of corals and 
brachiopods. Perhaps the best preserved specimens are to be 
obtained from the oldest known locality south of Pitt river. 
Fossils are however quite abundant in many places as far up 
the river as Campbell's. These limestone beds lie along an 
axis of great disturbance for at least twenty-five miles. At 
the southern extremity this disturbance seems to have been 
greatest, for in the vicinity of Basses ranch, south of the main 
limestone range, small areas of the rock appear separated from 
each other some distance, and inclosed in a variety of erup- 
tive rocks. At the fisheries and mary other points up the 
river, the limestone has been intruded by a great number of 
fine grained dikes. These seem to have come up underneath 
and to have very much broken the lower portion. In some 
places radial arms of limestone extend down from the main 
portion of that rock toward the river and are partly or wholly 
inclosed in eruptive masses. On stratigraphical grounds the 
writer would correlate the McCloud limestone with that found 
by Mr. Diller on Soda creek in the extreme northern part of 
the county. The McCloud limestones cross the river about 
sixteen miles above its mouth and are known to occur at sev- 
eral points in the high range east of the Sacramento river. 
The McCloud limestone is generally associated with rocks 
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quite different from thateastof Squaw creek. On Canipbeirs 
creek the rock overlying the limestone appears to be a pseudo- 
diorite, associated with others in a highly metamorphic con- 
dition. Nine miles above CampbelTs the limestone strata are 
separated by layers of a hard feldspathic rock of a greenish 
color. Twelve miles to the north the overlying rock is a green 
to purplish conglomerate, very compact and hard. On Chat- 
terdown creek occur quartzite, green conglomerates, and di- 
orite. The great body of the rock seems semi- to fully crys- 
talline. The field is undoubtedly an interesting one for the 
study of metamorphism. 

The uppermost horizon of fossiliferous strata on the Mc- 
Cloud occurs about twenty miles above the Fisheries on the 
east side of the river. Here is fcftmd a calcareous argillite 
rich in several species of Productus, besides other forms, 
which according to Mr. Smith belong in the upper portion of 
the Carboniferous. These argillitic limestones and the asso- 
ciated shales are embraced under the designation, MeCloud 
shales. 

The Devonian of the Sacramento River. What is perhaps 
the oldest fossiliferous formation in this region is found west 
of the Sacramento river and near the station of Kennett. 
Here occur four or more detached limestone areas associated 
with green rocks and slates; areas probably once more or less 
continuous, but which have been broken apart by intrusive 
masses. The strike and dip of the inclosing rocks is exceed- 
ingly irregular. One body of fossiliferous limestone is crossed 
by the old trail from the Squaw creek to Kennett. The otiier 
most important ones lie on the mountain side between the 
Backbone creeks. The fossils found here are exclusivelv co- 
rals and the number of species is not large. Much of the 
limestone seems formed almost wholly of the coral fragments. 
In places a network of coral ntems weathers out, almost com- 
pletely covering the surface of the rock. The age of this 
limestone is probably Devonian, according to determinations 
made by the U. S. Geological Surve3\ 

Geoloijical Jiesidts. Mr. Diller has added largely to our 
knowledge of the geology of Shasta county. Several locali- 
ties of Triassic and Jurassic as well as Carboniferous fossils 
have been reported by him. The age of the main portion of 
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the Klamath mountains, however, yet remains to be deter- 
mined. 

There are then probably four important geological horizons 
represented in this section : Devonian, Carboniferous, Trias, 
and Jura; the fossils showing the rocks to be successively 
older from east to west. The structural relations of the dif- 
ferent horizons yet remain to be worked out. Whether un- 
conformities exist is not yet known. It would appear that 
the region of greatest upheaval and disturbance lay to the 
west; that structurally the Klamath mountains are more dis- 
tinct from the Sierra Nevada than has been supposed. 

There is yet no proof of any granite (»r other crystalline 
rock in this region older than the sedimentary complex. The 
hornblende granite near the Fisheries, referred to by Becker 
and White as older than the sandstones underlying the Car- 
boniferous, is probably younger, as it is fine-grained near the 
edges and terminates in ramifying dike-like arms. The age 
of the most of the granite of the Klamath mountains is not 
known. That of one of the eastern ranges, the Trinity 
mountains, is probably post-Jurassic. 



ON A RECENT DIAMOND FIND IN WISCONSIN AND 

ON THE PROBABLE SOURCE OF THIS AND 

OTHER WISCONSIN DIAMONDS.* 

Hy William H. Hobbh. Madison, Wis. 

In October, 1898, a son of Charles Devine found some bright 
stones while playing in a clay bank on the farm of Judson 
Devine which is located near the village of Oregon in Dane 
county, Wisconsin. These stones he took home and in Nov- 
ember of the same year they were brought to me for examin- 
ation. One of them proved to be a rough diamond, the others 
being quartz pebbles. The diamond is a slightly distorted 
rhombic dodecahedron with much rounded faces. It has an 
average diameter of about a quarter of an inch and weighs 
3.83 carats. It is not perfectly transparent, but the grayish 
coloring matter which it contains is apparently superficial. 
The edges of the rhombic dodecahedron seem to be slightl}'^ 

♦U«'Htl l>»'f<>r»' th«* Wisconsin Acatl»Tnv (»f Sci«*nc«'s. I>»'c. HOtli, WX\. 
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truncated by the faces of the icosatetrahedron. Numeroii^ 
irregular-shaped cavities appear on the faces of the dodeca- 
hedron and are probably etchings. Mr. Devine sold the stone 
to Messrs. Tiffany & Company of New York, and I have been 
informed by Mr. George F. Kunz that it would doubtless cut 
white but would not be entirel}^ perfect. The stone has been 
placed uncut in the "Exposition Collection" of gems prepared 
by Tiffany & Co. Mr. Devine's farm, on which this diamond 
was found, is two miles south of the village of Oregon and 
about twelve miles south of Madison. It was found in the 
till or boulder clay of the Kettle moraine. The residue of 
this material after elutriation to free it from the more finely 
comminuted matter, is found by microscopic examination to 
be composed of rounded quartz grains of variable size with a 
few oxidized grains of pyrite. 

Considerable interest attaches to this find when considered 
in connection with other Wisconsin finds of diamonds. In 
1876 a stone was found while digging a well on the farm then 
owned by Dr. Tucker in the town of Eagle near Waukesha.* 
In November, 1883, Mrs. Clarissa Wood sold the stone to Col. 
S. B. Boynton, a Milwaukee jeweler, for one dollar, neither 
party to the transaction knowing that the stone was a dia- 
mond. When it became known that the stone was a valuable 
diamond, suit was brought by Mrs. Wood against Col. Boyn- 
ton for its recovery. The case was carried to the supreme 
court of the state and decided in favor of the defendant. 
The stone is still uncut in the hands of Col. Boynton, who 
now resides in Chicago. Through his courtesy I have been 
allowed to examine it. Like the Oregon stone, this diamond 
is a rhombic dodecahedron with rounded faces. The faces 
are sometimes vicinal, indicating a hexoctahedron of irrational 
indices. The faces also occasionally exhibit peculiar circu- 
lar markings and low elongated triangular protuberances n(»t 
altogether unlike those sometimes seen on the rhombohedral 
faces of amethyst. The crystal is but little distorted, is very 
transparent, and has a wine yellow color. On one side is a 
small flaw, apparently superficial. The weight of the rough 

♦Mill. Ues. of U. 8. fur 188.3 and 1884. p. 7:V2. (188.').) 

C'f. als<.» (jfo. F. Kun/.. Grms and Pr»*cioiis Ston»*H, New York. ISUO. 
p. !i5. 
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stone is about 16 carats. Col. Bojnton has given me the fol- 
lowing facts concerning the section of material penetrated by 
the Eagle well in which this stone was found. Loose gravel 
extends from the surface to a depth of 25 feet. This is fol- 
lowed by 45 feet of cla}'. Below the clay is a laj'er f\ feet 
thick 'of hard yellow *'niatri.\," which is doubtless gravel or 
da}' cemented b}" oxide of iron. It was in this material that 
the diamond was found. Below it the well was sunk fr)r two 
feet through clean gravel. Two small diamonds are said to 
have been subsequentl}' taken from the well. There is also a 
report of a stone that is said to have been found when the 
well was begun in 1S68. It was the size of a robin's v^rg. 
Parties who saw both this stone and the Eagle diamond claim 
that the only noticeable difference was in size. This stone 
may have been a diamond, but the evidence is insuttlcient. 

While prospecting for gold in the summers of 1887, 1888^ 
and 188J^, Mr. G. H. Nichols of Minneapolis and two compan- 
ions found a number of small diamonds in the bed of Plum 
creek in Rock Elm township, Pierce county.* Three of these 
stones, weighing 25-82, 7-10, and 8-82 of a carat respectively, 
were sent to Mr. Kunz for examination. All were found to 
be hexoctahedra and either white or 3'ellowish. 

I am informed by Col. Boynton that a diamond very much 
like the Eagle diamond was fojind in 1884 by Henry Endlich 
on his farm at Kollsville near West Bend m Washington 
county. Mr. Boynton describes this stone as wine yellow and 
of the same form as the Eagle diamond. It was harder than 
emery and weighed 21:J carats. The same hard yellow fer- 
ruginous "matrix" which is found in the Eagle well occurs on 
Mr. Endlich's farm at Kollsville. I learn by correspondence 
that Mr. Endlich has since died and his family has moved 
away from Kollsville. I have not 3'et succeeded in getting 
into communication with any member of the familv, but 1 
think there can be little doubt that the stone found b}' Mr. 
Endlich was a diamond. f At the time Mr. Boynton examined 
the stone he was in possession of the P>agle diamond, and he 

*()n lh»* occurri'un' <»f dianioiuls in Wiscinisin, Itiill. (hm»I. Sdc. Am., 
vol. '2, p. (KW. (KSOl.) C'f. also Mill, l^•s. of l*. S.. ISSD-iM). p. IK5. {\S\V2.) 

f.SintM- lh«* ahc)\«' was writlni. I liav.- !r irii»*<l I hat Mrs. I.nuif Kndlich 
of Kfwaskum. Wis., now has tli»' st(»ii •. hm I liav*- had no op|Mirtuiiit y 
ti> t'xamin** it. 
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tells me thnt after it cnnii' into hin liaiids he gnve consideruble 
Httention to the properties of gems. 

Diamonds have then been found at four widely separated 
localities in the state of Wisi-onBin. namely: at Eagle in 
Wuukeslia eoiinty, at KolUville in Washington county, at 
Oregon in Dane county, and on Plnni creek in Pierce cmtnty. 
In the last mentioned locality the stones were found in the 
bed of a stream witbin the area of tbc older drift, perhaps 
twenty miles from the Kettle moraine. The other localities 
are on the Kettle moraine of the Green bay lobe of the ice- 
sheet, as may be seen by reference to figure 1. Supposing 
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that the diamonds which have been found in the Kettle mo- 
raine have a common source, as is prnbalile. they must have 
been derived from some area in the nortiicasteni portion of 
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the state or a region still farther to the northward, as is clear- 
ly shown b}' the glacial stride. The Pierce county diamonds 
are unlike the others described in that they are all small and 
occur in hexoctahedral instead of dodecahedral crj^stals. 
They could only be considered to have the same source as the 
others by supposing that all are derived from some area well 
toward the Hudson bay country in Canada. 

It is interesting here to note that in the Menominee region 
on the northeastern boundary of Wisconsin are basic intrusive 
rocks which cut shales containing considerable percentages of 
carbonaceous matter, thus reproducing the conditions which 
obtain at the South African diamond mines. Very similar 
conditions obtain in the Pigeon river region northwest of lake 
Superior. The Pierce county diamonds may be easily con- 
ceived to have come from the latter area. It is not at all im- 
probable that productive diamond mines may sometime be 
located in one or the other of these areas. In the meantime 
diamonds will be found occasionally in the drift. There is 
little to be hoped for in the systematic search for stones in 
the moraine, as they are probably disseminated with consid- 
erable uniformity through it. This would seem to he shown 
by the occurrences that are known. 



DIFFERENTIAL FAULTS. 

By William H. Hobbs. MadisoQ, Wis. 

The dislocations of the earth's strata are generally classi- 
fied, (1) according to the direction of the fault line with ref- 
erence to the strike of the beds, into strike faults, diagonal 
faults, and cross faults; and, (2) according to the direction 
of hade with reference to dip, into vertical faults and faults 
with inclined hade. The latter type is further classified, (a) 
according to the direction of throw of the hanging wall, into 
normal and reversed faults or overfaults: and, (b) according 
to the relation between the hade and the dip of the beds, into 
faults which hade with the dip and faults which hade against 
the dip. Margerie and Heim in their admirable resume of 
our knowledge concerning faults,* distinguish two main types 

*MHr>rfrie et Heim. T^»*s dislocalions i\v V ecorcM* tern^stn*. Essai de 
definition et de nomenclalun'. ZQrich. 1888. 
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of faults, namely, those resulting from vertical movements, 
and those resulting from horizontal movements in the earth's 
crust. 

None of the above classifications takes into account the in- 
clination of the crest and trough lines, or in other words the 
pitch, of folds of strata, and it is evident that a new type of 
fault is found if the pitch of folds is different in the two 
limbs of an inclined strike fault. An instance of this kind 
I have recently described from the southern extension of the 
Green mountains in Massachusetts and Connecticut.* The 
fault described is a strike fault and one resulting from hori- 
zontal movements. Its course is roughly north-south, follow- 
ing for a considerable distance the direction and approxima- 
ting the position of the Housatonic river. It has an inclined 
hade uniformly east, throughout the twelve miles t^at it has 
been studied. Throughout this distance no noticable pitch 
of the folds is observable to the eastward of the fault line and 
consequently a single horizon — the Canaan dolomite — is ex- 
posed. A steep northerly pitch, however, characterizes the 
folds to the west of the fault line, so that not only the Canaan 
dolomite but two superior beds — the Riga schist and the 
Egremont limestone — appear along the fault line to the north- 
ward, and two inferior beds — Cambrian quartzite and gneiss 
— lie along it to the southward. For a part of its course Ca- 
naan dolomite lies on both sides of the fault line. Some- 
where within this stretch of the fault line is a point at which 
there has been no displacement, but about which the western 
limb of the fault has suffered a differential movement like 
that of a lever about its fulcrum. As the arm to the north 
has been depressed, that to the south has been elevated. It 
is therefore only to the northward of this point that the fault 
is of the true reversed t3'pe. To the south of the fulcrum 
point the relations observed to the north are reversed. The 
eastern or hanging wall is downthrown and the western or 
foot v\all is upthrown. These relations correspond t(» those 
of the normal fault, since a vertical line would penetrate any 
given horizon but once. The amount of throw increases pret- 

*\Vm. H. H»»bbs. On tin* ^foloirical struclun' uf tin- H<)iisai«niic val- 
\v\ h iiiiT ••ast nf njniiut Washinirtnn. .loiini. of(M'nl.. v<»l. I. i>i». 7IK{-7l>S. 



Tn Ambbicax 




THE EARLY STAGES OF BACTRITES. 



I'he Early Staff es of Hact rites, — Ciarkt. 87 

ty uniformly in going either to the north or to the south from 
the fulcrum point. 

The unique feature of this fault is the differential move- 
ment of the western limb with reference to the eastern one, 
and I therefore propose to call it a differential fold favlt. 
Mild cases of this type of fault are probably by no means 
rare in mountain districts, but they would usually escape de- 
tection on account of the low angle of pitch. As more atten- 
tion is given to the pitch of folds in the study of mountain 
structure, it may be expected that pronounced instances of 
such faults will be occasionally discovered. 



THE EARLY STAGES OF BACTRITES. 

By John M. Clarke, Albany, N. Y. 
(Plate II.) 

In a recent number of this journal* the writer took occasion 
to describe the protoconch of a Devonian species of Orthoceras, 
remarkable for its fullness and rotundity, without evidence of 
distortion or shrinkage. In connection with this description 
reference was made to the similarit}^ of form existing between 
this protoconch and that of the genus Bactrites, as repre- 
sented by specimens from the same geological horizon. 

The protoconch of Bactrites has been described by Brancof 
from specimens derived from the Wissenbach slates. This 
eminent cephalopodist mentions eight examples retaining this 
initial shell, in material which had been furnished to him by 
Privy-counselor E. Beyrich, and the figured examples show 
this protoconch to be an elongate, egg-shaped body, the shell- 
tube being attached at one of its extremities. The more com- 
plete of these figures, which is here reproduced in outline, 
shows this form as well as the narrowness and regular upward 
expansion of the shell-tube, and also the lateral position of 
the sipho, which has commonly been regarded as the principal 
determinative feature of the genus. 

The ovoid form of the protoconch is, as observed by 
Branco, unlike anything occurring in the Ammonitinie or the 

♦American Geologist, vol xii, pp. 112-115. Aii;r.. l^<9:i 

fZfitschrift ih»r dt'iiisch. p'ol. (u'srllsch. vt»l. !{?. pp. 1-1). fijrs. 1. 2, 
1885. 
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Goniatitinw, except in the genus Jfimoceras (Gonia fifes com- 
prcssi*s)^ where, in addition to this peculiar form of the pro- 
toconch, the initial portion of the shell-tube is straight, the 
primary' volution free and the Umbilicus open. Before the 
record of this observation, considerable divergence of opinion 
had been expressed by authors as to the phyletic position of 
Bacfrites* many choosing to associate it with Gouia fifes 
among the aiumonoids. Beyrich (1851) regarded the genus as 
an orthoceran with marginal sipho, and this view was shared by 
F. Roemer, Owen and Quenstedt. In 1877 Barrande figuredf 
as Bavfrifes hyaffi^ what was believed to be the initial ex- 
tremity of a specimen which had been found in the Munich 
university collection, labelled B. (gracilis Sandberger, and 
drawings of which had been prepared for him by Hyatt. 
These figures, however, show that the specimen bears no pro- 
toconch, but begins with a tapering, conical chamber having 
a cicatrix on its distal surface. Branco, in 1880 (PaUeonto- 
graphica, nf cif.), while expressing some doubt as to the gen- 
eric relations of the Munich specimen, stated his conviction 
that, should this prove a genuine Bacfrifes, there could 
then be no question of its close affinity to Orfhoreras. The 
description of the Wissenbach protoconchs a few years later 
dispelled this view. 

An anticipatory glance at the figures here given of proto- 
conch-bearing specimens of Bactrifes will serve to show not 
only a difference in the form of this body and that ascribed 
to the genus by Branco, but also the very close similarity be- 
tween it and that of Orthoceras, as given by the writer, and 
that of Belemnifes as given by Branco. J These differences in 
the initial stages of shells ascribed to Bactrifes lead first to 
the inquiry as to which of all these specimens really belong to 
this genus, for it would seem that all cannot. Branco showed§ 
at some length and quite conclusively that the Munich speci- 
men figured by Barrande could not be accepted as a repre- 
sentative of this genus. With equal lucidity he indicated the 

♦For a summary of these opinions see Branco, Palteonto^raphica, vol. 
27, p. 49, 1880. 

fCephalopodes: Etudes Generales, pi. 41M). tt^r. 1; i>. 120. 

tZeitschrift der deutsch. jreol. Gesellsch. vol. :{2, p. 008, fijr. 7, 1880: 
also Pala?ontographica, nt rit. 

^Zeitschr., ut cit. vol. 37, 1885. 
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points of agreement in his specimens with the diagnostic 
characters of Bacfriies. Though not venturing to determine 
their specific characters, he felt that the evident marginal 
position of the sipho was sufficient to establish their generic 
relations. Against this interpretation the writer can urge 
nothing, but only set forth the character of the material 
which has passed under his own observation. 

Bactrites^ as defined by its founder, G. Sandberger (1841), 
is based upon the species li. (jracilis G. Sandb.. the original 
localities of which are Wissenbach and Btidesheim. The 
shells of the genus are long, slender, slowl}- expanding tubes 
having an elliptical cross section, gently oblique septa, some- 
what expanded aperture and the surface covered with fine 
concentric lines, which are more or less oblique and make a 
slight retral bend above the position of the siph<». As speci- 
mens are usually preserved, the sipho appears to be distinctly 
marginal. Upon internal casts of the shell the sipho seems 
almost invariably to make a distinct lobe in the margin of 
the septum. The structure at this point, however, is delicate, 
and such casts may readily convey an inexact conception. 
The position of the sipho is not precisely marginal, but a very 
narrow moiety of the septum lies between the tubular siphonal 
collar or funnel and the wall of the shell. A very slight varia- 
tion in the direction of this collar, which is often perfectly ap- 
parent in any single specimen, will, in case of an outward in- 
clination, attach the collar to the shell-wall, but if the direc- 
tion be inward the collar may remain altogether free from the 
shell. This structure is seen in the accompanying figure 
(Plate II, fig. 3). The detachment of the shell-wall usually, 
indeed almost invariably, carries with it the outer portion of 
the collar, thus forming very distinctly an apparent dorsal lobe. 
It is the presence of this lobe that Branco has taken as giving 
the generic status to his specimens. 

The material upon which the observations here made are 
based has been derived from the Naples beds or the horizon 
of the Gonintites intnmescens fauna, in various localities in 
Ontario and Livingston counties, New York. Its representa- 
tion is abundant and its preservation exceptionally favorable. 
A few . of the specimens are preserved in pyrite, some are 
in limestone and shale, but the great majority are exquisitely 
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retained replacements in silica. These silicious fossils are 
ditferently preserved, many of them are simple replacements 
of the shell in ail its parts, without the filling of the inter- 
spaces; others have the silicious shell retained in connection 
with a silicious filling of the internal cavities, though the 
depositions are discrete and were evidently successive ; by 
the breaking of the external shell the internal filling can be 
readily removed. Again, the silicification of the shell has 
frequently been continued into an internal thickening which 
may more or less completely fill the chambers, though usually 
leaving the siphonal cavity unclosed. In this material there 
are twenty-four examples which retain the protoconch ; man}' 
of these are not mere parts of mature individuals, but the 
young shells themselves. These specimens represent at least 
two distinct species of liacfrifes, one a long, styliform shell, 
with decidedly elliptical cross-section and comparatively dis- 
tant septa; the other a more rapidly expanding shell, sub- 
circular in cross-section and with closer septa. The former, 
I am disposed to believe, includes the specimens from this 
horizon which have been described as Orfhocevfts and Colco- 
ht« aciruluw Hall, probabl}' also O. aciculoides Clarke, and 
some portion of the specimens which, in the absence of deter- 
minative material, have been referred to (). pacafor Hall. The 
latter is a species which is hardly distinguishable from Sand- 
berger's B. gracilis. Not onl}' does it possess the contour and 
proportions of the specimens described by him,* but it also 
bears the characteristic surface sculpture over all the earlier 
shell growth, '*sehr feine schr'tg zum Rftcken laufende Lin- 
ien," and upon the later growth, especially the bod}' chamber 
are "verwaschene, wellig-heraustretende, schrHge, breite Quer- 
rippen auf den Seiten, welche zu einer stumpfwinkeligen Dor- 
salbucht zusammenneigen.'' Without entering into a more 
detailed account of the specific features of these specimens, it 
will serve our purpose to regard them as representing B, 
gracilis Sandb.f 

Profoconch. This is a bubble-shaped body, frequently a 



♦\%'rstviii. dfs rln'iii. Schichl. Sysl. Nassau, p. I'M), pis. xi. tiirs. Da, 
b: xii, fi^'s. 2. a-f: xvii. tijrs. .'>, n-v. 18.")r>. 

4Tliis s|M*ci»'s occurs at a curn*sfKni(liiijr horizcm on tin- lb«Tir and vlsv- 
whcrt* in (irrmanv. 



The Earfif Sf(t(/es of Bac*n'tes. — Clarke. 41 

little unsymmetrical or directed to one side, very broadly 
sessile upon the end of the shell-tube, from which it is sepa- 
rated by a sharp constriction. Its form is uniformly globose 
or subspherical, without the slight diminution in diameter or 
tapering, which is seen in the protoconch of Orfhoceras des- 
cribed from the same fauna, as well as in that of Belemnites^ 
as figured by Branco. In all these, however, the degree of 
constriction at the base of the protoconch is the same. Fig- 
ures 4 and 5, which represent the usual form of this body, are 
taken from specimens in which the original shell has been 
replaced ; figure 6 is from a smaller individual and shows a 
decidedly broader constriction at the first septum and a rela- 
tively less diameter in proportion to that of the shell- tube. 
This is a solid internal silicious cast, but the difference in re- 
tention will not explain the differences in size and form. 
Figures 4 and 6 have the same degree of enlargement, and 
while specimens like figure are not uncommon, they all have 
a uniformity in size, at times the protoconch being even less 
clearly defined than here. These differences ma}^ be specific, 
or perhaps the smaller protoconchs and young shell-tubes may 
be parts of more fully grown shells, and have suffered dimi- 
nution in size from resorption. 

First septum. Frequently the delicate protoconch is broken 
and such specimens have afforded means of determining the 
fact that the opening of the sipho in the first septum is dis- 
tinctly lateral, as shown in figure 7. This is an important 
distinction from the character of the first septum in Orthoce- 
ras, where the opening of the sipho is central. None of the 
specimens studied have afforded means of determining how 
the sipho begins, or whether a cicatrix exists upon the distal 
surface of the septum. 

Initial Shell-tube. The Oncoceras- or GomphocerasAWie 
swelling of the shell-tube directly above the protoconch is one 
of the most striking features of these shells. In specimens of 
B. (gracilis it is highly developed and a persistent feature. 
The increase in diameter from the first septum upward is 
quite rapid for a distance of two air chambers, and thence 
falls rapidly away. I speak of this as an Oncoceras-Wke ex- 
pansion, for its form, usually unsymmetrical, suggests that 
genus and may afford a key to its phyletic position. It may 
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bo observed that the last septa of Oncoceras crossing the ex- 
panded portion of the tube are frequently crowded together 
in a closer juxtaposition than elsewhere in the shell. Such a 
rapid recurrence of the septa is construed b}' Hj'att as an 
evidence of degeneracy or senility. 

This expansion is less developed in B. ncicnluiu^ but its 
presence is evident. In Branco's figure, however, there is no 
such feature, the tube in the vicinity of the protoconch being 
narrower than at any other section. 

Ornfimenffitioit, The fine, oblique thread-like lines which 
cover the surface are readily distinguished to the very base of 
the protoconch (figure 4). Toward the later parts of the shell 
they become more distant, gradually less distinct, and near 
maturit}' are lost or extremely obscure, becoming merged into 
the low, oblique undulations of the surface over the body 
chamber of the mature individual. In B. ucirulum there are 
periodic internal annular thickenings of the shell substance, 
which are even manifested on the minute example shown in 
figure 9 (an internal cast in pyrite), but similar developments 
have not been observed in B. yracilis. 

Whatever may be the apparent discrepancies in Branco's 
determination of the Bactvites protoconch and that here given, 
it may at least be said for the material here studied that it' 
corresponds, even to its specific characters, with that upon 
which .the genus was established. If the evidence presented 
brings us to the conclusion entertained by many of the older 
palaeontologists, that Bactn'fes is closely related to Orfhoceras, 
this conclusion is attained, by means of data not before elab- 
orated, namely, the existence in both of like protoconchs. 
This fact, fortified by the decisive evidence that in Bactrifes 
the sipho is strictly intra-marginal, the formation of a dorsal 
lobe wholly casual, leads to the conviction that Bactrifes is 
little else than an orthoceran nautiloid with a lateral sipho. 
Both Branco* and Hyattf have suggest-ed the probability of 
Befemnites having been derived from orthoceran stock. Hyatt 
demonstrates that the guard or rostrum in this genus is a hy- 
pertrophic secondary deposition about the earlier parts of the 

♦P;ila»ont<)grai)hiCH. ut. rit. 

f Proc. Amer. Assoc. Adv. Sci.. vol. 32, p. H37. 1884: and Sci«*nce. vol. 
a, p. 1*24. 1884. 



Kditorial Comment, 43 

true conch, similar to the plug which is sometimes found fill- 
ing the distal fractured extremity of the sipho of orthocera- 
tites. The similarity of structure in the true conch r)f Belem- 
nites^ Bacfrites, and Orthoceras^ is now increased by the dem- 
onstration of like protoconchs in all. 

Explanation of Plate II. 

Fio. 1. A reduced copy of Hranco's tijrurt* of the proUK'oiich of liar- 
trit4f*. x20. 

Vu\. 2. Dorsal vi«^w of an internal calcareous cast of B. cf. (jraciltH, 
showing the usual ap[M»arance of the sutures, the undulations of ihi* 
biKly chamber and the expanded aj)erture. x|. Naples. N. Y. 

Fig. 3. Interior of a jxirlion of the shell of BartriteH cf. yrarilu. show- 
ing? the intra-mar^inal position of the siphonal collar. x4. Honeoye 
Lake. N. Y. 

Fi(5. 4. A shell retaininjr the protoconch and showing the expansion 
of the initial tube and the ornamentation (/?. cf. yraddM). xlO. Hon*'- 
(»ye Lake. X. Y. 

Fio. o. Dorsal view of a shell with a fractured protoconch. the tube 
its<»lf being broken along the line of th«' sipho (/i. cf. yracHiH). \\{\. 
Honeoye I<,ake, X. Y. 

Fio. 0. Internal cast of a protoconch-bi^aring shell, probably H. ari 
cuium. xKJ. Honeoye Lake. X. Y. 

Fig. 7. The distal surface of the first septum (som»'what broken), 
showing the lateral position of the sipho. The margin of the septum on 
the left is the line between light and shade. xoO. 

Fio. 8. A BnctriteM hroki'u along the dorsum, exposing ten septa, some 
of which retain the sii)h()nal ci)llar: also showing the expansion of the 
shell just above the detached protoconch, xlO. Honeoye Lake, X. Y. 

Fio. 0. An internal cast in pyrite of a young BnctriteM (an'rulinn), 
with bodv chamber and two air chambers. xlC. Middlesex, X. Y. 



EDITORIAL COMMENT. 



Death of Mr. Wm. Pengelly. 

To geologists and archivologists alike the news of the death 
of Mr. Wni. Pengelly, of Torquay, England, will be cause of 
regret. Mr. Pengelly was so well and so long known as the 
patient and thoroughgoing explorer of Buxhara cave and 
Kent's cavern, under the auspices of the British Association, 
that it seems as if a conspicuous figure had disappeared from 
the field of science. His strong personalit}' and utter engross- 
ment in the work to which he devoted the last thirty years of 
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a long life combine to render him familiar and memorable to 
all who shared his enthusiasm. To his labor science owes the 
firm establishment of the doctrine of the antiquity of man on 
a base which can never again be shaken. He went through 
the storm that assailed him and his fellow workers when they 
announced their then unpopular doctrine, and lived to see the 
opposition dwindle down till it has now almost disappeared, 
except where thought and reason do not hold sway. Hours 
spent daily in Kent's cavern for thirteen years are commemo- 
rated by hundreds of boxes in his house, ''Lamorna," Torquay, 
and piles of specimens exhibited in cases of the museum in 
the town. But to the scientific world outside, his elaborate 
yearly^ reports to the B. A. A. S. will form his monument, 
**more lasting than brass." e. w. c. 

The CoLi'MBiAN Exposition. 
Exhibits of the Geology of Crufffdn. 

Besides the Geological Survey exhibit of minerals, rocks, 
fossils, precious stones, and building materials, all of which 
were from the Dominion as a whole, there were separate ex- 
hibits from Canada representing the resources of British 
Columbia, the Northwest Territories, Ontario, Quebec, New 
Brunswick, and Nova Scotia. Each province had its mineral 
exhibit by itself, whilst the Dominion Geological Survey oc- 
cupied a limited amount of space not far from the other 
Canadian products of the mine. There was exhibited, on be- 
half of the Government Survey, an extensive series of rock 
specimens illustrating the lithological characters of the Lau- 
rentian, Huronian and subsequent systems down to Post-Ter- 
tiary and recent deposits. There were no less than 1,411 
rock specimens properl}' labelled, described and catalogued, 
giving an excellent opportunity to see the nature of the for- 
mations from the Atlantic to the Pacific and from the interna- 
tional boundary line to the Arctic ocean. 

The paheontological collection consisted of 2. 440 specimens 
of fossils, representing nearly seceu hvinlretl genera. These 
were classified both chronologically and zoologicall\% and 
formed an attractive as well as interesting exhibit, b}' far the 
most extensive and comprehensive collection of fossil remains 
in the Mining building. The specimens were exhibited in 
neat hardw(»od and glass cases, which we understand are to 
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be used for the formation of a new museum at tlie Canadian 
National Rocky Mountain Park at Banff in Alberta. There 
was also the graphite exhibit by the Dominion Plumbago Co., 
besides the collection of Canadian precious stones and gems. 
The collection of Eozoi'm canailense Dawson formed a con- 
spicuous feature of the palieontological series. 

Then came the provincial exhibits. Quebec was conspicu- 
ous with its admirable and attractive display of asbestus, 
mica, and apatite, and of iron and copper ores. 

British Columbia, with its gold, silver, lead, and copper- 
bearing rocks, was conspicuous by the neatness and attrac- 
tiveness of its exhibit. A tall pyramid of gold bricks (mod- 
els), as a trophy, stood alongside the beautifully classified 
ores of silver, lead, and copper. Each district was well repre- 
sented, Kootenay, Kaslo, Lardeau, Big Bend, Kamloops, etc.; 
whilst the coal of the celebrated Nanaimo and Como collieries 
was all that could be desired. 

Ontario had a superb exhibit of nickel, its ores and prod- 
ucts. Blocks weighing 6,000, 8,000, and 12,000 pounds, were 
placed alongside the magnificent display of ore in the matte 
of calcined and partially reduced nickel ores, along with the 
refined metal and products therefrom. This was certainly the 
finest display of nickel ore which the world has ever seen. 
Ontario was also well forward with its iron, apatite, and mica, 
besides lithographic stones, petroleum, salt, and copper. 

As to Nova Scotia and New Brunswick, these two maritime 
provinces were not as well represented as might be. Nova 
Scotia with her coal, gypsum, iron ores, and other products, 
could have made a much better showing. New Brunswick 
had building stone and gypsum amongst its leading products 
of the mine, besides ores of manganese. 

The Northwest Territories of Canada, including Alberta, 
Saskatchewan. Athabasca, and Assiniboia, had building stone, 
coal, tar, and clays, as special products: but these were not 
shown to great advantage. 

Nevertheless, on the whole, Canada's mineral wealth was 
well displa3'ed and showed not only that ores are plentiful in 
many districts, but also, by accompanying notes of assays (jf 
these ores, that man}' of them are of high grade and quality. 

H. M. A. 
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T/te Criistalline Mocks. 

The descriptions already published in this series have given 
some of the features of the exhibits of the crystalline rocks, 
which might otherwise be mentioned here. The purpose of 
this note will be to supply- some interesting facts that have 
not been noted 

One of the largest collections of the products of the crys- 
talline rocks was found in the exhibit of the Canadian Geo- 
logical survey. It was under the care of Dr. A. R. ( - Selwyn, 
aided by several of the otHcers of that survey. It embraced 
about 1,500 specimens illustrative of the Archean, from Nova 
Scotia to the Pacific coast A unique feature here was a full 
series of all the forms of the world- famed Kozo'in cunddenat^ 
which are preserved by the survey to illustrate a historical 
episode in geological literature. 

Another interesting series consisted of serpentine, of vari- 
ous structures and cf»lors, in many cases cut by asbestos veins, 
in others produced by change from EozoOn limestone. The 
former is from Thetford and the latter from Petite Nation. 
Dr. T. Sterry Hunt, in his discussion of the Canadian serpen- 
tines, divides them into two groups.* The older he consid- 
ered non-chromiferous, and the latter carries much chromic 
iron. 

There was a very singular structure exhibited from the 
Little Rapids and High Rock phosphate mines, Portland, 
Quebec. Very many pyroxene masses, somewhat rounded, are 
embraced in a granite; and sometimes these dark nuiss"S so 
penetrate the rock in sheets as to give it a stratified aspect. 
These appeared to be exactly like those dark masses so fre- 
quent in acid crystallines, which have been assigned some- 
times to '^concretionary" forces. But this structure is in 
keeping with the idea that this nK*k was formerly a stratified 
conglomerate. 

Beautiful large slabs of white orthoclase containinggarnets 
were exhibited from Buckingham, and apatite and mica in 
large crystals from the Luke Gerard mine, Wakefield. One 
mica crystal was thirty inches in diameter and eight inches 
thick. There were also tourmaline crystals six inches and 
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more in length, largely changed to mica, also to pure quartz. 
These were from Villeneuve, Quebec. 

In the Canadian Survey exhibit was an instructive map, 
which under the animated explanation of Dr. Selwyn was 
made to point an interesting geologic fact. This map was 
made by Mr. H. Fletcher, and covered an Archean area in 
Nova Scotia and Cape Breton, an area which is most thor- 
oughly worked in respect to the relations of the parts of the 
Archean. Dr. Selwyn is thoroughly convinced of the cor- 
rectness of Mr. Fletcher's view, that there is no possibility of 
separating the Canadian Huronian from the Laurentian by any 
stratigraphic distinction, such as a non-conformity. Mr. 
Fletcher has despaired of making any fixed stratigraphic 
separation. His map shows one color for both, but they are 
marked by the letters A and B, meaning upper and lower Ar- 
chean. The passage from one to the other is gradual when- 
ever the stratigraphic succession is examined, but local irreg- 
ularities occur. 

Under "Laurentian," H. A. Ward had a show of Eozoim 
and, strange t(^ say, Cryptozoon proli/erum^ from Saratoga, N. 
Y., labelled from the "Potsdam." That is a well-known Cal- 
ciferous fossil. The tendency to crowd the term Potsdam 
upward, apparently to make it cover the western so-called 
Pot£dam, which is near the Calciferous, is absurdly exempli- 
fied in this fossil, since its western analogue, Cryptozoon min- 
nesotetiite, is found only in strata far above even those western 
strata to which the term Potsdam has been applied. At that 
rate, the whole of the northwestern Upper Cambrian must be 
included under the term "Potsdam ;" and the Lower Magne- 
sian, with its subdivisions, and the intervening sandstones, 
will lose their significance as coordinate members of the 
Cambrian. It would be difficult to extend the effects of a 
stratigraphic misnomer to a greater extreme. The Cryptozoon 
in Ward's collection was very fine, some large lenticular 
pieces being sliced and polished. These were put in juxta- 
position with Eozoim because of their apparent structural 
organic resemblance, and it was indeed quite obvious. It may 
be said that the discovery of CryptozoHn furnishes a strong 
argument for the original claim of Eozoiin. n. h. w. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Report oil Irrigation. By U. .1. Hinton, SfK-cial A^t^nt in chHrjr**. 
Government Printiujj Oftice. Washinjrton, 1893. This bulkv volume is 
made up of four parts. The first [)apt contains a summary of the re- 
sults and methods of irrijration on the jrreal plains, with details of the 
various elements that more or less directly affect the work. Then fol- 
lows a review of the |)rotrress of irrijration in the various states that 
practice it. Several pap<*rs accompany these reports, touch in)cr si^»cial 
localities and ai^^cial asi)ects of the problem, both in America and in 
the Old World. Between forty and fifty mai)s and illustrations are in- 
terspersed amon^ the pajres. showin«r the different methods adopted and 
the results obtained. 

The second part is the final re|H»rt of the chief enpneer. Col. E. S. 
Nettleton. on artesian and underflow investigations. It contains 
elaborate details on the enjfineerinjr problems connected with the sub- 
ject of artesian wells, the natural springs of the arid rejrion, espt»cially 
ahnig the Coteaus. and the legislation touching the various questions 
that arise on this [)articularly western topic. It is illustrated with 28 
I)roflle maiKS and well records. 

The third part contains the reiK>rt of Prof. Robert Hay, in 89 paf^es. 
on the artesian and underflow investitfations between the meridian of 
97° and the f<K)t-hills of the Kocky mountains. Here we find the geo- 
logical details of the problem, so far as they [M'rtain to the part of the 
work under discussion, — thi' water-bearing rocks of the |>lains. their 
elevation, the source of their supply in the mountains, the flow of the 
rivers, the e.xtent of the artesian area, and the cause of flow. 

The fourth part is Prof. U. T. Hill's re|x)rt on the occurrence of arte- 
sian and other waters in Texas. New Me.xico. and Indian Territory west 
of the 97th meridian. It c(mtains a general account of the region and 
its geographic feature.s, with discussions of the artesian conditions pre- 
vailing in the ditl'erent {lortions. Nineteen sheets (»f illustrations, maps, 
and sections, accom|)any this paiM*r, which fills lOo pages. 

Following the al)ove four [mrts. which alone are mentioned on the 
title page, comes a pa|K*r by Prof. L. K. Hit'Ks on the underflow and the 
geological structure of Nebraska, and their effect on the water supply. 
A surv«'y of the Loup valley is added, with esfwcial regard to thehydro- 
gra[)hic features. It occupies twenty pages, with fivr plates. There is 
also a pa|K«r by Prof. (J. E. C'ilvkh on the Dakota basin, in which the 
author treats of th»' artesian lx»riiigs. with especial refen*nce to the 
Black Hills water-supply. Apix-nded is a i)reliminary geological map 
of the Dakotas and a si'Ction across S>uth Dakota. Last conn* tin* n'- 
|M»rtsof twosjM'cial agents. .ludgf (Jhk<;ouv and Mr. F. B. Coffin. The 
former writes of the un(lerwal«'rs of the great plains, and the latter of 
certain artesian conditions r.xisting in South Dakota. 

It is not iM>ssibIf within the limits at our disiH>sal to t'nterun anything 
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lik«* H CHP<*ful and detailed account i>f the contents of this volume. We 
can/)nly dwell on a few jxiints which will illustrati' the nature, meth- 
ods, and proirress of the plans adopted for irriKatinjr the arid rejrion of 
the west. Mr. Hinton says (page ID) : 

*'In the i)ast seven years the actual area of reclamation by irrijrut ion- 
cultivation has increased from about 5,000,000 to at least 8,500.()(X) acres. 
By the time of the oixMiinjr of the Columbian World's Fair, the United 
States may e.viK»ct the cultivation by means of irrigation of at least 17.- 
000,000 acres of laud that within the last decade have been declan*d by 
learned authority to be wholly irreclaimable, worthless for aj?riculture, 
useless for tree-planting, and hardly fit for even the grazing of scraggy 
sheep and the broad-horned steer." 

**The removal of the alkali from the land is one of the first recjuire- 
monts. This is to be accomplished by underdrainage wherever the soil 
allows it. To flood the land till underdrains laid reasonable distances 
apart shall have run for some time will end the trouble, not only for the 
lime being, but for centuries, provided only that .solid beds of the alkali 
salts do not underlie it. Hut this is the rare exception." 

In those parts of the arid region which can be irrigated the streams 
flow underground. These subterranean rivers exist in other parts of 
the countrv, but where water is abundant no effort is made to trace 
them. The Rio Santa Cruz in Arizona is an example of these. In the 
upper part of its course the stream is of varying width and depth, ac- 
cording to the season. Lower down it disapt>ears altogether, but its 
course is marked by mesquite trees to a width of from 500 to 2,000 feet. 
The gravel of the valley has been tested at Tucson to a depth of 52 feet, 
and is estimated to carry 370,000 irrigating inches every twenty-four 
hours (page 75). 

The various devices by which the hidden water is brought to light are 
explained. Of course when a pum]) is required, as is often the case, the 
work is expensive. Hut in those parts where the water is truly artesian, 
or even where it rises to the surface, little or no ex[>ense attends getting 
it except the sinking of the well. 

The re|)ort of Col. Nettleton consists of a rajMd survey along e|ev^•M 
lines across the countrv on the Platte and the Arkansas rivers and in 
the valley of the Lou[), with an examination of the existing welKs. in 
order to ascertain the probability of getting water by boring. Some 
curious statements are given regarding the so-called blowing wells, 
which in certain states of the weather emit a blast of air and in others 
suck air down the bore. On one of these he tells us that a brass whistle 
has been set which announces a comlnjr storm with a note audible a 
quarter of a mile from the well. 

Col. Nettleton made some attemi>t to ascertain the rate of ilow of the 
undergn»und water, but without suecrss. He is. however, inclined to 
accept the figures of the French enginejTS and set it down at about one 
mile in the vear or fourt«'en feet |H>r da v. 

• I • 

One of the strongest fiows mentioned is in Headle county. South Da- 
kota. At 960 feet water was reached with pressure sutticient to furnish 
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100 horse-power, uiul in quantity enough to tlo<xl a twenty-acre field si.v 
inches deep in twenty-four hours. Many pa^^'s are occupied with ^mi- 
lar deta.ils, indicating a simply enormous supply of artesian water in 
S<»uth Dakota at a depth less than 1,000 feet. The water is found in the 
Dakota sandstone, which outcrops along the eastern fianks of the Black 
Hills. The supply therefore ent^^rs the stratum along that outcrop, and 
doubtless also on the western bord«»r of the plains. Analysis shows that 
it is a permanently hard water, as might be expecttnl, containing in a 
gallon fourteen grains of sulphate of lime, four grains of carbonate of 
lime, and five grains of magnesic carbonate. 

In the third paj^^'r, Prof. Hay says that the same Dakota sandstone i.s 
the water-bearing formation in the Arkansas valley, and that it obtains 
some reenforcement from the underlying Jurassic strata. Ik)th crop 
out around the Black Hills and in the upper Missouri river region. They 
allow water to pass through them very freely, as is shown by the Giant 
spring described by Lewis and Clark eighty years ago and still flowing 
as in their day, with an estimated yield of one hundred cubic feet a 
second or nearly 50,000 gallons a minute. 

The great water-bearing stratum of large portions of the plains is a 
Miocene grit of an exceedingly absorbent nature, underlying extensive 
lacustrine beds of marly silt. At least half of the rainfall, or five inches 
yearly, is estimated by Prof. Hay to sink into the ground and to be held 
chiefly in this grit, from which it flows forth in copious springs along 
the river banks, wherever these have been cut down low enough to ex- 
pose the grit. Water is also found in wells when sunk to its level, at 
the depth of from 50 to 300 feet below the general surface. Prof. Hay 
fK)ints out that these artesian waters are not derived from the moun- 
tains for the most part, because that source of supply is almost entirely 
cut otT by the outcrop of the water-bearing stratum before it reaches 
the mountains. 

The imjiortance of the water problem is forcibly stat«?d by Prof. Hill 
in the fourth part of this volume, where he says: 

"In the western half of the United States the water question is not 
only s«*rious but paramount to every other consideration, for there are 
vast areas, as large as all New Kngland, such as the great Llano Esta- 
cado. without a single br<K>klet, river, or permanent inrnd upcm the sur- 
face: while there are other areas, aggregating one tenth of the Union, 
which together do not possess a stream of the volume of the Connecti- 
cut or Mohawk, and are utterly lacking in the accompaniments of fre- 
qu«*nt laterals and springs. (J reat railway lin«'s — the Southern Pacific 
for example — are obliged to haul water hundreds of miles for their en- 
gines, and have siM'ut millions in not always judici(»us exiK'riments to 
obtain an underground sup[)ly." 

The Llano Kstacudo is described as one of the most remarkable geo- 
l«>gical features of the continent, — an area of 50,000 square miles, lying 
more than one thousand feet above the sea, and surrounded with a pre- 
cipitous rampart which is gashed here and there by river valleys cut 
out of the nearlv level strata of late Miocene or Pliocene date. No water 
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occurs on its surface, and we note that Prof. Hill lakes a rather con- 
servative view and si^'aks cautiously in regard to the existence of 
artesian conditions ji^enerally in the Llano. He says: "That the under- 
frround water-sheet of the Llano beds can be struck throujrhout the ex- 
tent of the mesa has been demonstrated. Hut it is also apparent that 
since this water occurs in a surface formation — the Llano beds — ther«' 
can be no hydrostatic pressure to force a surface flow. Hut there are 
other strata underlying portions of the Llano, beneath the IJano water- 
sheet, and to the.se we have cause to l(H)k with much ho|M' that they 

may present favorable artesian conditions Without 

commitliujf myself to prophecy, it is my opinion that, when the |>or- 
tion of the Llano alon^ the Texas-New Mexico line is thoroujrhly pros- 
|H»cted, .somewhere in that region will be found an abundant artesian 
supply from the underlying Dakota and Trinity sands." 

hi regard to the Trans-Pecos region, in spite of the unpromising as- 
lM»ct of this high plain. Prof. Hill speaks much more confidently of the 
existence of water at a moderate depth, about 200 feet, which, however, 
does not rise to the surface and therefore is not artesian, except in 
certain districts. Agriculture may therefore be |>ossible to a limited 
extent there. 

Space forbids following Prof. Hill into the cpu'Stion of the water- 
RUp[)ly of l[ie mountains, or Prof. Hicks into that of Nebraska. The 
same may be said of Prof. Culver's work on the Hlack Hills. There can 
be little doubt that continued investigation and adventure will gradu- 
ally extend the cultivable lands of the west far into what was formerly 
called the (ireat American Desert, and that many thousand stpiare 
miles will be reclaimed. There will, however, probably always remain 
large areas wlios*' reclamation would c<»st more than they could ever 
repay. Farming will press hard on the possibility of subsistence, and 
occasional series of verv drv seasons will from time to lime set back th»' 
surging tide of immigration with their **Thus far but no farther." 

K. W. ('. 

The Colorado Formation and itn Innrtrlfrate Fautm. H\ T. W. Stan- 
TON. r. S. CJeol. Survey. Hulli'tin IO(i: HHH pages. 45 plates, IHWA. The 
formation here described comprises the Fort Henton and Niobrara di- 
visions of th«« Cretaceous s«'ri«'S mad<* known bv Meek and Havdcn in 
the upper Missouri region. Only som«' 2.") or IM) species of invertebrates 
had l>een definitely assigned to it previous to Mr. Stanton's cc)llecti«nis, 
chierty in 18JH). of the fossils of Huerfano park and adjacent localities in 
southern Colorado. These collections, and their comparison with e(|uiv- 
alent beils in other parts of the I'nited Slates, bring the loial known 
inverlel)rate fauna of the Colorado formation up to about \M) sjM'cies, 
including 'M that are believi'd to he new. The fauna as a whole is 
regarded as the approximate taxononiic etpiivalent of the Turonian in 
Kuro|H«. w. r. 

A (rftdoffiral Itrronuoitoontrt in nntraf WnMhimjtnti. \\\ I. C. RrssKLL. 
r. S. (teol. Survry. Hull»'tin 1(»S: lOS pai:«'s, \'l plates. S figures in th»* 
text, ISJKt. This exploration was undertak«'n for the purposr of ascer- 
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tninin^ whi4hi*r artesian water can be obtained for irrigation in the arid 
rejrion through which the Columbia river flows east of the Cascade 
mountains. The area traversed embraces about 10,000 square miles. It 
is in larjre part occupied by the great Columbia lava flows, which reach 
thence far southward and eastward, having probably an average depth 
of about 2,000 feet ujxin fully 200.000 square miles. Associated with thi8 
formati(m is the John Day system of unconsolidated sand, clay, lapilli 
and volcanic dust, which attains a maximum thickness of more thau 
1.000 feet. Fossil leaves of ten sp«*cies from the John Day strata near 
Ellensburg, Wash., an* regarded by Mr. F. H. Knowlton as of I'pfjer 
Miocene age. Seven of thes<* s[H*cies have also been obtained from the 
Auriferous gravels of California. After the deposition of the John Day 
system, the rocks of this area and of a vast region southward were di- 
vided by many fractures, sometimes scores of miles in length, and the 
resulting blocks were tilted, with displacements of 2,000 to 3,OCM3 feet 
along many of the faults. In a few instances the ♦•nclosed valleys form 
artesian basins, but mainly the conditions of the geologic structure* are 
found to b«* unfavorable for obtaining artesian water. w. r. 

Tht Work tind Smpr itf tht- (it oltHjiral Surrey. By C. U. Keyes. (hiwa 
(hm)1. Survey. Vol. in. Ann. Kept, for 180:{. i)p. 47-98, pis. !-«. 1894.) 
During the short time that the Iowa tleological Survey has been in 
o|M'rHtion, two re|M)rls have been issueil,*and !he present pafH'r is an e.x- 
tract fn»m the third, which will be distributed shortlv. The survev is 
organi/.ed on a ])ractlcal and economic bjisis. but at the same time it 
is intended to be systematic and scientific. — the aim being to make a 
complete economic and geological survey of th** state. Th«' publications 
will be of a single series, uniform in size and general styh*. and will con- 
lain about 5(K) pages each. The unit of mapping will be the county: as 
the counties of Iowa are approximately of the same shape and area, the 
ado()tion of this unit will ]»rove to be very convenient for a series of uni- 
form mat)s. Among th** results already accomplished, it may be stati'd 
that c«)al de|H)sits have been investigated in fifty counties, clay indus- 
tries in fifty-six. artesian and de«'p wells in forty-four: the mapping of 
s«'ven couties is practically comph'ted. while in eleven others the map- 
ping is partially ilone. It is to he IioimmI that the next legislature will 
see fit to mak«' it iH)ssible for the work, alreadv s«» well under wav. to 
be pushed m<»re rapidly than the present appropriation allows. 

r. s. (;. 

A Suiuiuurif of ProfjrtM in Mim ralotjif ami l\troyrtiphif ift IS'jJ. By W. 
S. B.VYLKV. (Geological de[)artment. Colby Cniversity. Waterville, Me., 
181M: price, ."iO cents. In this pamphlet of about sixty pag«*s are collect- 
ed the various notes which the auth<»r has ]>ublished in the Amrriran 
ynlurtiliMt durintr the last year. They consist in brief notices, abstracts 
and reviews of work in mineralog\ and peirographv. An index of 
authors and one of subjects furnish easy reference to the work of any 
individual or to that on any particular subject. v. s. «. 

* ReYiewed id the American Geolooiht, vol. zii. p. 3J7 ; and toI. xiii, p. STtS. 
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An Orbirular (jranitr fnnn Quonochontoyin' Beach, Rhode Mand. By .1. 
F. Kemp. Trans. N. Y. Acad. Sci., vol. 13, pp. 140-144, pi. 2, 1894. The 
normal rock is a biotit*^ jrranite in which ar«» moro basic spheroids two 
or three inches across and of rudely elliptical outline. The center of 
each spheroid consists almost entirely of pla^ioclase; toward the rim. 
biotite becomes noticeable and the spheroid is more finely crystalline: 
further out, the biotite assumes a concentric arrangement. After a very 
decidedly darker zone, the inner part of the sphemid ceases abruptly; 
outside of this is a zone, one-eijrhth to one-half inch wide, formed of 
plagioclaso crystals with their twin lamellie radiatin<; fn>m the inner 
[lortion. The specimen is from a boulder which the author thinks has 
not been moved far from its parent ledjre. u. s. o. 

On Argt/rmiite and a new Suiphontatinate of SUcerfrom Bolivia. By S. 
L. Pexfikld. (Amer. .Tour. Sci.. H, vol. 47, pp. 4.")l-4o4, .Tune, 18U4.) 
The new mineral is isometric and is almost identical with arjfyrodite in 
all of its physical proj)erties: the formula is Affg(Sn'(iie) S^,. I^ess than a 
year airo Prof. Penfield described as canfleldite a mineral of the same 
comtKjfiition as arjfyrcKlite, but isometric instead of monoclinic. Since 
then the latter has been found to b«» isometric, so the name canfleldite 
is withdrawn and applied to this new stM'cies, — a sulphostannatt* of sil- 
ver isomorphous with ar^ryrodite. u. s. g. 

The Ejected Blockn of Monte Somina. By H. J. .Ioiixston-Lavis, Pro- 
fessor of Vulcanology, University of Naples. (Trans. Edinburjrh Geol. 
Soc. vol. VI, pt. 5, pp. 314-:i51, pis. la-l."), 181)3.) This is the first of an 
intend<»<l series of paiM^rs on these rejected blocks, the minerals of which, 
both for their beautv and varietv. have made the rejrion of Vesuvius 
so well known to mineralojrists. The present paper deals with the alter- 
ations (metamori>hism) t^» which the blocks of stratified limestone have 
been subjected. There are three stages in the dejrree of metamorphism: 
(1) carbonized limestone. (?) saccharoidal limestone with in^ridote, and 
(3) limestone nearly or entirely replaced by different silicates, sulphides, 
and tlu<»rides. Briefly summed up, the chanjres are: first, the carboni- 
zation of the bituminous contents and their conversion into j;:raphite, 
almost coincident with which recrystallizalion takes place: the recrys- 
tallization seems to have «rone on without the rock havirj*: been fused, 
as delicate stratification, banding, faulting and contorticoi structure is 
preserved: at this stage a few grains of perldote app«*ar: with the disap- 
jiearance of the gra[>hite, what remains is a more or less coarse-grained^ 
dazzling white, saccharoidal marble: this saccharoidai marble, contain- 
ing more or less iM^ridote, passes somewhat abruptly into a mass of jxtI- 
dote and white pyroxene, wollastonite, or biotite. r. s. «. 

Trenne nynpptiirkta ttrenxko ktotff ran iter. By llKL<iK Backsti{OM. ((Jeol- 
o«;iska Foreningens i Stockholm FTirhandlinLMr, No. lof), B<1. Ifl. Hiifte 
2, pp. 107-130. Feb., 1804. With a (Jerman resume.) Two new spheroid- 
al granites, at present known only in loose blocks, are described from 
Kortfors and Balungstrand. in central Sweden. The first (Kortfors) 
C(»nsistsof dark, well round«'d. conceutrically built si>heroidsin a sparse 
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^poundmassof hornblend<» jrranitr. Tlu* sphrroids are mon* basic than 
tho ^roundmass. They contain four zones, the first op outer of which 
is characterized by magnetite grains in a mass of oligoclase: the second 
has hornblende and biotite in large amount and oligoclase: the third is 
the broadest and consists of radially arranged oligoclaJM' with small 
amounts of quartz and orthoclase: the center is almost free from dark 
minerals and is essentially quartz and orthoclase. The second tyi^e 
(from Halungstrand) has a coarse groundmass of microcline and quartz 
and some idiomorphic biotite. The spheroids are characterized by large 
oligoclase crystals: toward the i)eriphery biotite js common, and the 
center is comiK)sed of microcline and quartz. S<»me remarks follow on 
the formation of the sfiheroids, est)ecially in refen'nce to the liquation 
theory h£ ditlerentiating magmas. i^. s. o. 

The ItetiMsdaer Grit Plateau in Xeir York. H\ T. Nelson I).\le. 
(Thirteenth Annual Rei^ort, U. S. Geol. Survey, pp. 291-340, pis. 97-101, 
1894.) In this pap^^p the geology of the eastern and central parts of 
Kensselaer county, N. Y., is discussed. The author's interpretation of 
the gent^ral structun* of the region is given in a section from Mt. CJrey- 
lock in Massachusetts, on the east, to the Hud.son valley at Po«*st«*nkill 
on the west. The broad limeston** (Stockbridge) belt west of Mt. Urry- 
lock dips westward under the Taconic range, which h<'re is a synclinal, 
with two anticlinals, comiX)Sed of a thickne.ss of about 2.<KM) f«»et of 
Berkshire schists. The limestone again comes to tin* surfac** in th»' 
Herlin-Stt'phenson valley, on whose west side it dips under a small 
thickness of the Berkshire schists which are overlain bv the Kensselaer 
grits; these extend westward for about ten miles, when the Hudson 
River shales (the equivalent of the Berkshire schists) emerge from be- 
neath them. The Stockbridge limestone is stated to be C'ambro-Silurian 
in age, and the Berkshire schists Flower Silurian (Hudson River). The 
Rensselaer grit occupies a |)lateau area, about 17.') .scjuare miles in extent, 
in central Rens.selaer county. The plateau is comiK^sed of grits with 
interbedded conglomerates and .schistose and .slaty rocks. In structure 
it consists of a well marked .synclinal along its east sid«*, a com|X)und 
synclinal along its west side, and certainly on** and probably sev«*ral 
folds in the intervening area. Fossils to determine the age of the rocks 
of this plateau have not been found, but. on aec(»unt of the areal rela- 
tit»nsof tlu' grit to the Stockbridge limest<»ne and th»' evidence of ;in 
unconformity of |Mjrt ions of the grit mass lo Cambrian if not lo Lower 
Silurian rocks, as shown by its pebbles, the grit is though! to be uncon- 
formable on the Berkshire schists and is considered !<» rei)resent the 
Oneida conglonn'rate — the base of the rpjMT Silurian. 

Mr. Dale's pai)er is of special interest in irivin^r the structure and geo- 
graphic distribution of the rocks of the Taconic ran*:*' alonjr the Mass- 
achusetts-New York line, and in gisiii;: details as to lilhohviry and 
probable jigr of t In- Rmsselaer irril rocks. However, there are .some 
im{M>rtant |M»ints. es|M'ciaily in the stratigraphy, wliich it .seems ar«' not 
fnllN estahiisJH'd. or are simph assumed fr<»m insufiicienl rx idence. we 
havi* ref«'n'iic«" to tl)«'ai:«"of th«'Siockbridire limestone an<l tl^c B-rksinr** 
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schists. It is to bo noted that undrr the term Stockbridjre he has in- 
cluded the Stockbridge proper and the western belt known as the Sparry 
limestone: that the two limestones are the same is evidently an assum|»- 
tion. Numerous Lower Silurian fossils have been found In the western 
belt, but in the Slockbridg<» proper we know of none but Lower Cambrian 
fossils. Moreover, it seems rather peculiar that one continuous lime- 
stone should represent all the accumulation in this rejrion from the 
liower Cambrian up to the Hudson River, while not far distant there is 
known to be a j?reat thickness of other fossiliferous rocks between thes«' 
two horizons. A*fain, Mr. Dale's idea allows no t>lace for the uncon- 
formity which .seems toe.vist at the base of the Potsdam. It, however, 
must be admitted that his work in the Vermont valley.* in connection 
with that of Dr. J. E. WolfT.f jwints to the Cambro-Silurian ajfe of the 
Stockbridjre limestone: still, it seems probable that an explanation ditT- 
ferinjf from that of Mr. Dah''s can be applied to the relations of the 
I^>wer Cambrian and the Lower Silurian limestones in the Rutland 
rejcrion. The Silurian ajre of that i>art of the Berkshire schists adjoining 
the Stockbridjre projK'r do*'S not seem to b«* established by fossils, and it 
is not at all improbable, in fact it seems very probable, that at least 
some parts of these schists are of the same a^e as the jrreat thickness of 
Cambrian schists and slates not far to the north in Vermont. 

The placing of the Rensselaer jrrit at the base of the Upp«'r Silurian 
adds another feature of comt>lexity to the ori^^inal Taconic rejfion. Mr. 
Wulcott's map, published in 1888.^ makes alt of the area maptMHl by Mr. 
Dale as Rensselaer prit Lower Cambrian (Oeoririan), and now this j?rit 
series is |>laced in the Upi)er Silurian on no evidence derived from fos- 
sils, and that. t<K». in a region in which thed«'cipht»rinjr of the structural 
jfeoloffv is an extremelv difficult task. N. H. w. 
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Records of the Geological Survey of New South Wales, Vol. 3, Pt. 1, 
1893, contains: On a sand from Bingera, G. W. Card; On the occur- 
rence of Tngonia semiundnlata M*Coy, in New South Wales, and its 
significance, R. Etheridge; On the occurrence of basalt*gla88(tacbylyte) 
at Bulladelah, G. A. Stonier; On palatal remains of Pnlorchestes azael 
O^'en, from the Wellington Caves bone-deposits, W. S. Dun; Minera- 
lofirical and petrological notes. No. 1, G. W. Card; Note on an aboriginal 
skull from a cave at Bungonia, R. Etheridge; The Australian geolog- 
ical record for the year 1892, with addenda for the year 1891, R. Eth- 
eridge; A locality index to the Reports of the Geological Survey of 

*Od tliA Btmcture and Age of the Stockbridge limestone in the VermoDt valley ; Bui. 
Oeol. See. Amer . vol. in. pp. 514^18, 1892. 

H)n the Lower CnmbriaD ago of the Btockbridti;c* liaioHtone ; Ibid., vol. ii, pp. :{:U-3S.\ 
1891. 

tAmor. Jour. 8oi.. 3, vol. .35. 
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New South Wales, from 1875 to 1892 iDclusive, W. S. Dud; On the oc- 
currence of Ijepidodendron axmtrale (?) in the Devonian rocke of New 
South Wales, T. W. £. David; On oelestine from the neighborhood of 
Bourke, G. W. Card. 

Zeitschrift filr praktische Geologie, Dec, 1898, contains: Was kann 
das Studium der dynamischen Geologie im praktischen Leben nfttzen, 
besonders in der Berufstbfttigkeit des Bauingenieurs?, F. M. Stappf ; 
Beitrftge zur Erzlagerstftttenkunde dee Harzee, F. Klockmann; Die 
wahrscheinliohen Resultate einer Tief bohrung in Jjemberg (Galizien), 
R. Zuber. 

Descriptions of two new species of Ammonites from the Cretaceous 
rocks of the Queen Charlotte Islands. By J. F. Whiteaves. Reprinted 
from the Canadian Record of Science, Oct., 1893. 

The south-west Mayo and north-west Galway Silurian basin, with 
notes on the old or metamorphosed rocks of West Galway. By G. H. 
Kinahan. Trans. Edinburgh Oeol. Society, Vol. 6, pp. 155170. 1892. 

Jahresbericht des Vereins far Erdkunde zu Dresden, XXIII, 1893, 
contains: Ueber AktinitAts-Vergleichungen an verschiedenen Orten 
der Erde, Herman Krone. 

Bulletin de la Societe des Sciences Naturelles de L^Ouest de la France, 
Tome 3. No. 3, 1803, contains: Sur la presence de T azurite dans 
r argile de la ViUe au-Vay, pr^a le Pellerin (Loire-Inf.); Nouveau gise- 
ment de grenat avec staurotide, Ch. Baret; Esquisse geologique de la 
Baese-Normandie, A. Bigot. 

Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar^ 
Band 18, Afd. 2, contains: Studier Ofver Baltiska Hafvets Qvartftra 
Historia, Henr. Munthe. Band 18, Afd. 3, contains Vftxtpaleontologieka 
UnderpOkningar af Svenska Torfmossar, Gunnar Andersson. Band 18^ 
Afd. 4, contains: Ueber einige Ober-Silurische Cirripeden aus Gotland^ 
C. W. S. Aurivillus. 

Zur Fra<r»* d»*r Stnicturformt'ln d«*r mt'tasomatischt'ii Z«'rs«'tznnjrspro- 
(hiclf. K. Schari/.«*r; ZiMtsclirift f. Krvstallojrraphii'. ♦•Ic, XXll, 4. pp. 

:mu.:{7."). \m'.\. 

I*fb«*r (It'll I'nl«Tschi»'(l z\visch«*n d«*r i)«'tr();rrapliisclu*n uiul (l»*r v^rol- 
ojrischiMi Classiticalion <l«'r (H'st»'iii»\ .1. v. SzabcV. \'<Than(l. <1. (n'S«'lls. 
IVntsclnT Nalurf. ii. A»'rtz»'. ISDI, .') pap*s. 

V»*rz«*ichnis (1«t iniin'ralojriscln'ii. jr»'<>>nu)siiscln'n. iir-( v«>r-)jr»'srhicht- 
licluMi unci baliH'ojrrapliischfii Lit»*ratur vmi Had«Mi. Wurtt«'mb»'rjr. Hoh- 
♦'n/nlNTii mid ♦'ini^fii aiij:r»Mi/«'ml«*ii (H*ir«*iHl«'ii. Hfinrich Kck: Mitlfil- 
iiiisrtMi (1. trrossh«'r/.<>jrl it'll ba(lisch«'ii j:»'<)l. Laiui<'sans!alt. I Kr<:aii/nn^^ 
znm I HaiKb'. pp. \-'M)\\. IHIKJ. 

Zritsclirift fi'ir praktisclu* (ifnlojrii'. .laii.. 1H94. contains: !){♦• j:»M)ln- 
^isch<' riitiTsiichiniL' <l«'s K<")iiiiri*<'iclis Bay«'rii. A. L«*ppla: l)i«* ;r«*<>lo- 
;riscbi' Laiid«'sniit«'rsu('hiin;r vnii KIsHSs-Lotlirinp'U, L. van WiTv»'k«*: 
Aphorism**!! iib«T ZinnobtT. A. Srhranf: l)i»' Knpf»'ri*rzlairtTstiitt«'n (1«t 
StTp«'ntii!v'*'si««in«' Tosranas und drn*!! Hilihinj; durcb l)itf»*r«'ntialions- 
l»roc«*ss»' in basisch»'n Kri!ptivmajrm<'U. H. Lotii: I)i«' Uodmsj'nkunircn 
in Schn**i<b*ni\Uil. \V. Kr»'bs: l)i»« Hodt'nscnknn^'^cn in SclunMib'niObl \\\n\ 
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iUv daraiis zu /jt'liciuh* XutzanwiMKlunp. H. Wabnor: Krdwaclisbergbau 
bei Horvslaw in Galizi«Mi: Vulcanisch*' Asche aiis Puerto Monti, F. M. 
Staptf: Stein- und Hraunkohlen in Holland: Schneidemlihl, R. Wabner; 
Schwefelbildung, C. Ochsenius. 

Zeitschrifl fiir praktische CJeologie, Feb., 1894, contains: Ueber die 
Kieslaperstatten vom Typus Roros. Vij^sniLs, Sulitelma in Norwepen 
und Rammelsberg in Deutschland (I. Die Mineralojrie der Kieslager- 
stfttten vom Typus Ronis-Rammelsberg), .1. H. L. Vojft; Das Vorkom- 
men der devonischen Eisen- und Mani^anerze in Nassau, W. Riemann; 
Hodensenkungen in Eisleben, W. Ule: LOslichkeit des (ioldes. F. M. 
Sta4)ff. 

Das Krdbeben in der Ge^end zwischen Strassburjj, Forbacli, Hasluck, 
Konzinpen, Krstein und Weslhofen am 11 .Tuni, 1887, H. Eck: 19 pajres: 
Stuttpart, 1892. 

The Crinoidea of Gotland, Part I. — The C'rinoidea Inadunata. Hy F. 
A. Bather. Kongl. Svenska Vetenskaps-Akademiens Handlin^ar, H. 
2:). No. 2, pp. 1-200, 10 plates; Stockholn. 1898. 

Bulletin delaSoci^te Imp^rialedes Naluralistesde Moscou, 1893, Nos. 
2 and 8 contain: Die tilhonischen Ablaperungen von Theodosia, Ein 
BeitraK zur Paleontologie der Krim ((> plates). (). Retowski: A la me- 
moire de feu J. I). Czerskv, Al. Iwanowski. 

(teolo^iska ForeninpMis i Stockholn Forhandlinjrar. N(». 152. Bd. 15. 
Haft. 5, May, 1893. contains: Mineralogiska meddelanden, L. J. Ijrel- 
strom: Om Tjitorinatidens klimat och vejretation, R. Sernander: Om 
strandliniens forskjulninj^ vid vara insjoar. G. De (ieer: Mineralanaly- 
liskt, O. A. Sjostriim. 

No. 153, Bd. 15, Haft. i\, contains: Om sloftfallet i Sveripe och 
angrftnsande Iftnder den 3 maj 1892, A. E. Nordenskiold: S[XKliosit frftn 
Nordmarken. Ci. Nordenskiold: Tillftjrjr till uppsatsen "om n&^ra min- 
eral fr&n jrrOnland," (J. Flink: Mineralojriska meddelanden. — Nya 
mineral frftn SjOjrrufvan, L. .1. I^'«'lstrOm: Nftjrra JemfOrelser mellan 
J^veripes och utlandets jernmalmslajjer m(»d hftnsyn till deras j^enesis, 
H. Sjogren: Om en i)rofll fr&n skredet i Vierdal«*n. A. Hamberjr. 

No. 154, Bd. 15, Haft. 7, Dec, 1893, contains: Om en fossilifOrande 
leratla^riuK vid SkattmansO i Upland, A. G. Nathorst: Pyrochlor fr&n 
AlnOn. P. .1. Holm(ivist: Om en kromhaliijr vesuvian frftn I'ral. Sofia 
Rudbeck: Om Falu jrrufvas ^eolojri. A. E. TOrnebohm: Meddelanden 
frftn Lunds (Jeolojriska Fftltklubb, 1. — lakttajrelser fr&n jremensamma 
excursioner i F&jrel.s&njrstrakten. K. O. S«»j^erherjr. 

The (Jeological Majrazine. Feb., 1894, contains: (\)ral in the "Dolo- 
mites" of S. Tyrol, Miss M. M. Ojrilvie: On some .Jurassic sp«'cies of 
Cheilostomata, .1. W. lirejrory: Notes on the com|H)Sition of clays, 
slates, etc., and on some (Miinis in their metamorphism. W. M. Hutch- 
in^s: On a t(H»ih of Oxyrhina from the Red ('ra«: of Suffolk, A. S. 
W(M>dward: An ancient «rlacial shore. T. M. Reade: Post-(ilacial man 
in Britain. Wm. Shon»': The horizon of the mammoth. Mark Stirrup: 
Action of irlaciers. Wm. Churchill: The submarine crust. O. Fisher. 

The Geol<»jrical Magazine. March. 1S94. contains: Four theories of 
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Xh*' a?** and origin uf th»* l>arlin«"»r ^ranil*^. A. R. Hum. Oriain f««*- 
siK fr«jin ih** ht'wtr Pal»>j»»ic r»X'ksof Yurkshirv. S. H. R*-vDolds: The 
m\*' of th** chloril»-s. C A. McMah»>ri: S»in»^ noi»-* «»n ffn^-iss, T. G. 
H«>Dnf*\ : Noi*^ on ih** Skiddaw *lal»->, J. E. Marr: Rapid **l»^\ al ions, a 
M-lf criiicism. E. Hill. 

Th** Olacialists' Ma^azin*'. vol. 1. no. f>. Jan.. l^M. contains: On the 
irlacial sands and gravels at H*-ck station. Yorkshire. 1'. E. IV* Ranee: 
Th»- er^at subin*Ts»-nce. Jos«'ph lytmas: The»»ri»^of ih»* cau>** «»f th** 
Glacial peri^id: Current crlacial bibli«»^ra[»hy: A typical fj^»rd-vall»-y: 
Pr»»f. A. Kra.ssn«iw. of Charkow. «»n his jf»urn»*\ l»> thr island of Saffha- 
lien: Icelandic jrlaci^rs: Pr»-ssuiv of th** Rh»»n»* glacier. Marshall-Hall. 
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A Reply tu i^oxE Statemests ix Profej?*or T.vrrV -Lake CAvriiA 
A Rock B.vjirx."* Und»*r the titl»* "I-akf- Cayuea a R«ick Basin." Pn»f- 
Ralph S. Tarr. of th»* geological d**i»arlment of Cornell l*ni\>*rsit\. prv- 
»ent»Hl a imier b«-for»* tli** Boaitton meeting of xhv ii»n>loffical SH-it-iy of 
America ilVci^mber 29. l8H3i. which has since b»*en issut*d in its print»*d 
form. In this pajwr hf has<|Uoie<l from an t-arly publication of min»-. 
and. by the s^l»*ction of a few s^nl^ncns afmrt fr«>m th»^ir cont^'.^i. has 
placed a inisc«>nstruction ui>i>n my work which I am unwilling t»» l»-i 
l«iss without correction. 

Th** field work ujjon which my little article "The l»»i»li»:r\ of Itasca. 
New Y«irk. and the Vicinit\:"f was based, was that of a c«»lleire under- 
graduate, having been done during the winter and spring terms of l'^74- 
7r> in the pr**[Miralion of a thesis for graduation at Cornell I'niwrsitN . I 
do not offer this as any e.xcuse whatever for lhec«»nc!usions r»*aoheti. for 
I am still willing to be judgeil by them, but to emphasize the fact that, 
after twenty years of pn»gress in the study of glacial phenomena, it 
Would, indettl. N- surprising should different ifitt-rpn'talions not h*- 
placed ujion the >am»* data. Thai my views, as lhei» ex|»r»*ss*^I. w^re in 
acc«»nl with •'the m<Hlerii schinil of glacial geology." will. I think. l>- 
ap|«ar»*nt to tho>e who natl urKierslaiidiiigl> what I >aid u]»»i» the Mih- 
jeri. * 

M\ thesi> o|i>ii»*d with a g»'n»ral account of the lo|ioi:raph> of the 
r»'giofi alxMit Ithaca. iiicid»'iitally mentioning CaNuga iak»*. but wa'* 
maiiilx devot«-<l to ih»' consid»'ratioii of **Si»ecial F«'aiur>-N •»n Six Mile 
cn-^-k.'" That it wa*» well thought of h\ the Facult> i> atte>ted hy the 
awanl of the ••l*r»sideiii'N First Pri/.e in ti.-oloi:\ .'" Later. 1 was r»- 
<|Ue>t»«| to select from it a |»ortion of general inter>Nt for pr»'>»'ntatioi) to 
lh»- public ••!! (omnu-iicemeiit «la> . and this pap»r. in suh>tanc^-. wa> 
MMit lo th*- .\merican Naturalist, apjtearing in the issue of tiiat maga/iiie 



•Bulletin of the G(H>}oihcal Society of .\nierica. toI. t. pp. X)QM.V>. March, ls.n 
tThe American Natorali«t. vol. xi, pp. 49-51. Jaaaary, 1>TT. 
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for January, 1877. and from it Prof. Tarr has drawn certain conclusions. 
What he has quoted and his comments, under the caption, "Reviews of 
0[)inions of previous Writers." are as follows: 

•'Simonds shows that there are in this region two classes of valleys — 
gorges, *true valleys of erosion,' and rounded, smix)thed valleys. Of the 
latter he says: i 

••'Noting in addition [to their even slop<^] the depth at which the 
water flows and the small number of cascades and waterfalls, the con- 
clusion is at once reached that these valleys have been acted u|K>n by 
some agency not now in operation.' 

"He can easily understand the gorges, but cannot e.xplain the broad 
valleys by erosion, and therefore concludes that 'these deep, well-worn 
valleys are undoubtedly the work of glacial action.' According to this 
author the glacier divided near the present site of Ithaca, one lobe mov- 
ing southward, the other carving out Six Mile creek. 

*' This, which seems to be the first statement of the glacial origin of 
Cayuga valle}', is based upon the inability of the author to conceive of 
the formation of a broad, deep valley by river erosion and transp()rta- 
lion. It seems strange that he should not have noticed that this valley 
was but one of a type which exists in that region with directions vary- 
ing through all degrees of the compass, and hence, that all are not 
capable of explanation by glacial en>sion."* 

Again, under the caption, "Observations and Interpretations," he 
says: 

*' Evidence of Six MUe creek, — At the head of the lake, in the city of 
Ithaca, the valley divides — one part, known as the Inlet valley, contin- 
ues south west wardly and then southerly; the other, called Six Mile creek 
valley, extending in a southeastern direction. The latter is evidently a 
tributary to the former, which was the preglacial main valley. These 
two valleys are the ones which Simonds and Foote believe to be due to 
ice action. They are both distinctly preglacial in form and are joined 
by mature tributaries, "f 

What I did say upon the subject of valleys was as follows: 

" At Ithaca there are two distinct ty|)es of river or creek valleys — the 
one with rounded and well-worn sides, the other bordered by precipi- 
tous walls of rock. To the latter class belong Cascadilla and Fall creeks, 
which flow into the Ithaca plain from the east. Their valleys are true 
valleys of er<^ion, having been formed since the withdrawal of the vast 
ice-sheet which swept over this portion of North America in Quaternary 
time. With the exception of Six Mile creek valley and that of Cayuga 
Inlet, which open into the lake basin from the southeast and south 
respectively, all the streams of this immediate vicinity flow through 
deep cuts or canons, in which they descend by numenius cascades and 
water-falls to the lake. As their vallevs are mere chasms, thev make 
no appreciable change in the general contour of the land. With val- 
leys of the first type, however, the<»tTect is of an entirely ditferenl char- 

•BuUetin, G. 8. A., vol. ▼, p.:U4. 
tBoJletin, Q. 8. A.,to1. Ttp. 350. 



60 The American Geologist. ial9i«l8&4 

actiT. Thev aro distinctly marked. Their longer sioix* and greater 
width make a prominent feature in the topojrraphy of Ithaca. Noting 
in addition the. depth at which the water tlows, and the small number 
of cascades and water-falls, the conclusion is at once readied that these 
valleys had been acted upon by some agency not now in operation. We 
can observe chanj^es jroinjif on in Fall and Cascadiila creeks: we can 
easily understand how their dee^), rocky canons could be formed and 
are still bein^ formed by the action of water and frost upon shale, and 
we can readily see that the conditions which obtained in the formation 
of these valleys could never explain the deep, well-marked valleys of Si.x 
Mile creek and the Cayuga Inlet, with their slojnng banks and knolls 
and terraces. These deep, well-worn valleys are undoubtedly the result 
of glacial action. The mass of ice which filled the Cayuga lake basin, 
dividing at its southern extremity, one part — the larger — flowed to the 
south, wearing down the Inlet valley, and the other traversed the Six- 
Mile creek valley, both of which were occupied by preglacial streams. 
The scratches on the ix)lished surface of the underlying rocky table, as 
seen at the quarry in front of the buildings of the Cornell University, 
on the eastern edge of the basin, indicate that the glacier followed a di- 
rection a little east of south. corresi)onding with that of th(; lake. 
Among the drift accumulations are found bowlders of Oriskany sand- 
stone, and masses of Hamilton shale, formations which occur to the 
north, together with small granitic bowlders. The valley of Six Mile 
creek furnishes somesiM'cial examples of the drift phtMiomena. In sev- 
eral places its old channel has been completely choked up with masses 
of morainic d6bris about which the pre.sent stream has been obliged to 
cut its way through deep canons."* 

In his comments Prof. Tarr savs: 

[1.] '* He (Simonds) can easily understand the gorges, but cannot ex- 
plain the broad valleys by erosion, and therefore concludes that 'these 
deep, well-worn valleys are undoubtedly the result of glacial action.' " 

As will be seen, in the extract from my article given above, 1 reached 
my conclusion not only for the reason "that the conditions which ob- 
tained in the formation of these valleys [Fall and Cascadiila creeksj 
could never explain the deep, well-marked valleys of Six Mile creek and 
Cayuga Inlet," but for other reasons. Thus 1 distinctly stated that 
**the valley of Six "Mile creek furnishes some special examples of th»' 
drift phenomena. In several places its old channel has been completely 
choked up with masses of morainic debris about which the ])resent 
stream has been obliged to cut its way through deep canons." H»mic«* 
my conclusion, in this instance at least, was based ui)on the actual oc- 
currence of morainic matter, with f/lariatio/i as the hf/itimati' inffiuuct. 

As a matter of fact, the presence of a glacier cannot be dis]nit»'d: and 
if present, does Prof. Tarr. for an instant, believe that it could hav«* 
forced its way through such a valley as that of the preglacial Six MiU* 
creek, excavated as it must have been in the thin-bedded Chemunir 



'American Natoralist, vol. xi, pp. 50-51. 
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rocks, wilhoiit trn»at abrasion? Hr says: "The north and south valley 
of lake Cayiiiira is several hundred feet below it [the rock bottom of Six 
Mile creek], and its depth has without doubt l>een caused by glacial 
erosion."* Hut what of the evidence furnished by "the scratches on 
the |X)Iished surface of the underlying rocky table, as seen at the quarry 
[1874-76J in front of the buildingsof Cornell V\\'\\k'V^\\\ ,'' aeveral hundred 
feH abate the present lake surface'! 

Again, that the ice moved in a general southerly direction. u[) the 
Cayuga valley, into that portion of the basin which receives the modi- 
fled valleys of Cayuga Inlet and Six Mile creek, is plainly indicated by 
the presence, among the drift accumulations, "of bowlders of Oriskany 
sandstone and masses of Hamilton shale, formations which occur to the 
north." And, further, 1 have a distinct recollection of collecting in 
my student days, rharacteruttic fontrUa of these fifrmationi* from fragments 
found in the ralley of Six Mile creek. 

[2.] "According to this author (Simonds). the glacier divided near 
the present site of Ithaca, one lobe moving southward, the other carv- 
ing out the valley of Six Mile creek." What I did say, as shown above, 
was this: " The mass of ice which filled the Cayuga lake basin, dividing 
at its southern extremity, one part — the larger — tlowed to the. south, 
wearing down the Inlet valley, and the other traversed the Six Mile creek 
valley, both of ichich were occupied by jyreglacial xtre^tms.'' 

Bv this it will be plainlv seen that I meant that the vallevs were 
moulded bv ice action, not ''carved*' in the sense that Prof. Tarr would 
have us understand. My idea was then and is now, that these pregla- 
cial valleys served to guide the ice-sheet as it advanced toward the 
souths and that by it they were broadened and worn, giving rise to their 
present characteristic and distinctive shapes. 

[3.] "This, which seems to be the first statement of the glacial ori- 
gin of Cayuga valley, is based upon the inability of the author [Simonds] 
to conceive of the formation of a broad, deep valley by river erosion 
and trans|K)rtation." Rather, my statement was based upon the pres- 
ence of strite. not only in the locality mentioned, but in others: uix)n 
the presence of drift resting directly on a polished and worn surface: 
and ui>on the presence of mas.ses of rock transported [by ice] from the 
north, i. e., brought up the valley. 

[4.] Under " Evidence of Six Mile creek," we find that "these two 
valleys [Six Mile Creek and Cayuga Inlet] are the ones which Simonds 
and Foote believe to be due to ice action. They are both distinctly pre- 
glacial and are joined by mature tributaries." Concerning this I have 
only to say that I recognized their preglacial character and so exi)ressed 
myself in my article by saying "both of which valleys M'ere occupied hy 
preglacitil stream:*/' In the conclusion of the original thesis occurs the 
following significant statement: "Six Mile creek we have seen to be a 
preglacial stream whose channel has not only been traversed and wurn 
out by ice, but in many places filled with morainic debris * * *." 

♦Balletin, G. 8. A., vol. v, p. 350. 
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After all, it. is not siirprisiiijr that Prof. Tarr should misunderstand 
me, for it appears from his own statement that, at the time Dr. 1). F. 
Lincoln's paper, "Glaciationof the Finger-Lake Region of New York,"* 
was published, he was ho ntrangly aynviuced that the valleys were river raU 
leys, unmodified by ice, that his [ Lincoln s^ paper produced no impression. 
It was only when the clearness of the evidence impressed itself so forci- 
bly on his mind that he could be but convinced that he again looked at 
his [Lincoln's] paper, and found that he had the same kind of prcxjf. 
Therefore, although independently worked out, the facts in this article 
[Tarr's '"Lakf Cayuga a Rark BamC\ are merely confirmations of Dr. 
Lincoln's study and deductions. f Frederic W. Simonds. 

University of Texas, Austin, April 1^, 1S94. 

The Niagara gorcje as a Measure of the Postglacial period. 
In Nature for May 17th (vol. 50, p. 5:j) Mr. G. K. Gilbert expresses his 
doubt that the past rate of erosion of the gorge below the receding falls 
of Niagara can be so C()mi)ared with the i)resent rate as to afford any 
appro.ximate measure of the time which has elapsed since the Ice ag^e. 
His first study of this ijuesiion (Proc. A. A. A. S., vol. xxxv, for 188(5, 
pp. 222, 22Ii) gave about 7,000 years for the t^rosion of the Niagara gorge, 
if it had proceeded with an average rate like the present. As this erosion 
began at the time of retr<'at of the ice-sheet from that area and has 
been in progress during all the subsequent time, it has been regarded as 
a geologic chronometer, like the similar erosion of the gorge below the 
falls of St. Anthony, from which Prof. N. H. Winchell had previously 
computed the length of the Postglacial period in Minnesota to be about 
7,800 years. 

The largest element of uncertainty (as hitherto supix)sed) in the esti- 
mate drawn from the rate of recession of Niagara falls is shown by Mr. 
Gilbert's later and more full discussion (Sixth Annual ReiK)rt of the 
Commissioners of the State Reservation at Niagara, for the year 1889, 
pp. 61-84, with eight plates, also in the Smithsonian Annual Report for 
1890) to consist in the probability or possibility that for some consider- 
able time, next following the meriting away of the ice upon the area 
crossed by the Niagara river, the outlet of lakes Superior, Michigan and 
Huron, may have passed to the St. Lawrence by a more northern course, 
flowing across the present watershed east of lake Nipissing to the Mat- 
tawa and Ottawa rivers. Since Mr. Gilbert's writing his recent com- 
munication to Nature, however, much new light on the Quaternary 
history of the great lakes tributary to the St. Lawrence river has been 
contributed in three paiK>rs by Mr. F. B. Taylor, published in the Bul- 
letin of the Geological Society of America (vol. v, pp. 020-()2(), April *iO, 
1894),t and in the May and June numbers of the American Geologist. 
Supplementing the earlier observations and studies of Whittlesey, New- 
berry, Gilbert, Spencer, Lawson, Chamberlin, Leverett, Claypole, 

* Am. J oar. of Science, III, vol. xliv, pp. 290-dOl. Oct. 1892. A later paper on thiB 
Bobject by Dr. Lincolo is io vol. xltq, pp. 105-113, Feb., 1894. 

tBuIledn G. 8. A., vol. v, p. 848, foot-note. 

tAbBtract in the March Am. Geolooist, p. 220. 
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toorological oxplanatjon as follows: The molting of t ho vast western 
part of the ice-sheet in the ITnited States, from North Dakota and Min- 
ni^sota east to the lake Erie basin, would supply to our eastwardly 
moving storms a very great amount of moisture to be precipitated 
farther east. That precipitation I think to have been mainly snow as 
these storms, moisLure-laden fn)m the western ici'-m<'lting, swept over 
the mon* eastern part of the ice-sheet. Hence, the eastern great ice- 
h)be from Salamanca to Long Island, Cape Cod. and the Gulf of Maine, 
would be fed and fattened to be thick and spread in some places even 
beyond its previous limits, while all of the ice-sheet farther west in the 
United States was being melted away. 

Another unforeseen conclusion, relative to the volume of the Niagara 
river while the ice-sheet was departing, is brought by our consideration 
of the uplift of the northern side of the glacial lake Warren, which 
along its extent of (JOO miles from west to east was rapidly raised in 
general about 350 feet, as compared with the Chicago outlet, before the 
date of the Nipissing beach. This 1 think to be the first shore line 
formed in that northern area after the Chicago outlet ceased and after 
lake Warren was thereby succeeded by lake Algonquin in the basins of 
Michigan, Huron and Superior, while lake Inxiuois then began to exist 
in the Ontario basin, outfiowing by Ilome, N. Y., to the Mohawk and 
Hudson. But this Nipissing beach, at the present lake level at Duluth, 
25 feet above^ lake Superior at Houghton and Marquette, and 50 feet at 
the Sault Ste. Marie, rising to 140 feet above lake Superior or 743 feet 
above the sea at lake Nipissing, is so high, 50 feet uixm a width of more 
than a mih*, above the watershed east of that lake leading to the Mat- 
tawa and Ottawa rivers, that I cannot believe a river of such depth and 
width to have there outflowed. Instead. I believe that the ice-sheet then 
still remained as a barrier \\\)oi\ the Mattawa and Ottawa areas; and 
careful study of Prof. J. W. Sfiencer's maps in recent volumes of the 
Am. Jour, of Science (IVc, 1800; Jan. and March, 1801; March, 1804; 
also Bulletin, G. S. A., vol. ii, pp. 4(i5-47<), April, 1801) of the Huron and 
Erie shore lines convinces m«' that the outflow of lake Algonquin at the 
time of the Nipissing beach w^ent by way of the present St. Clair aqd 
Detroit rivers and along the bed of hike Erie to the incipient Niagara 
and lake Iroipiois. Seven-eighths of all the uplifting of the Nipissing 
area which carried its watershed above the hight at which it could be. 
an outlet of lake Algonquin had taken place before the Niagara river 
and lake IriMpiois began to exist. Later, while yet the ice was a barrier 
on the Mattawa area, I believe that the continuation of that uplift fully 
raised the Nipissing-Mattawa divide above lake Algonquin, for mean- 
while the lake Inxiuois area was undergoing a large differential uplift 
of increasing amount from south to north. The Niagara river thus ap- 
pears to have had a volume eqiuil to the present during its entire his- 
tory. If there was any time of diversion of the waters of the upper 
Laurentian lakes to the Mattawa valley, it was of very brief duration, 
and would re(|uire only an insignificant addition to th«' estimate of 7,000 
years for the duration of the Niagara river and of the Postglacial period. 
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III a recent pa|>er in (he Journal of (ieolo«^y (vol. ii, p. 142, Feb.- 
Mareh, 181)4), Mr. Andrew M. Hansen, of Norway, notes the approxi- 
mate concurrence of about thirty inde|MMKleiit measurements and esti- 
mates of the length of the Posljjhicial pi*riod which have been made in 
North America and in EuroiK?, all coming witliin the limits of 5,000 
and 12,000 years. He therefore says: **\Vith full rej,'ard to a legitimate 
calculation of probabilities, it may be predicated that the nunSber of 
7,000 to 10,000 years is as nearly an exact estimate of the duration of 
|x>stglacial time as can ever be exjK'cti'd." Wahukn Upham. 

.hane 11th, 1894. 

P. S. Since the foregoing was written, I learn, by a letter of June 
18th from Mr. Gilbert, that a narrower part (probably the original col) 
of the valley leading from lake Nipissing to the Ottawa is situated 
about ten miles east of the present water divide, when* the Mattawa 
river, outflowing from Trout lake, is encliKsed, near the mouth of that 
lake, by rocky hills. Mr. Gilbert also calls attention to the great depth 
of the Niagara river (having a maximum sounding of 185 feet) at the 
foot of the falls and for nearly two miles to the head of the Whirl ikk)1 
rapids. The deep excavation there below the river level, analogous to 
pot-hole erosion, he attributes to a probably larger volume of the river 
than that which previously formed the shallower and longer ix)rtion of 
the gorge, excepting only at the Whirlixxil, where the fiostglacial gorge 
coincides with one of preglacial age. Concerning the preglacial erosion 
along the course of the Niagara, Dr. Julius Pohlman has written in the 
Proc. A. A. A. S., vol. xxxv, for 188<3, pp. 221, 222. The greater thick- 
ness of the Niagara limestone at and near the falls than along the part 
of the gorge beyond the WhirlixK)! may probably account chiefly for the 
deepi»r excavation by the cataract now than during the early part of its 
rece.ssion. w. c:. 

June 21tit, 1894. 
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The Geological Society of America will hold its sixth 
summer meeting in Brooklyni, N. Y., Aug. 13-15; and tiie 
American Association for the Advancement of Science will 
hold its forty- third meeting in the same city, Aug. 15-24. 
Several excursions for geologists are planned, affording oppor- 
tunities to study the Palisades of the Hudson, the Cretaceous 
strata of New Jersey and of Staten and Long islands, and the 
terminal moraine of the ice-sheet. 

At a meeting of the Geological Society of France, May 
7th, 1S94, M. Cayeux presented a preliminary note on the radi- 
olarians of the Pre-Cambrian of Bretagne. lie finds that they 
belong to the divisions Spumellaria and Nassellaria, the latter 
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The A ^'*\* ^-^'i-^-^ification cf the nulio- 
terized by a c-(,in,,Iexity and a 

General cU»scriplion of I Ih's«' hoh'v'; < **rtain of tlics** Prc- 
the physiCHl ff'atun\s of tho viriniiv. * tiliH*. A iiioro coninic-te 
ada: I/ak«» SiiiM»rior: North Chanin'l of hiki-Ul appear in tli . 
northeast Bhon* of (J«'or>ria II bay: Spaiiisli, Wall. ** 

the Ottawa valley. Similar krtti«'-holes in Califoi 
way. Swedi'ii, and Finland. (K'cnrn*iuM» at many <!!■* l)r()visi()n 
(ireat size and depth of som** twampN's. Their oecuiv Survey 
and sinjriy. Theories as to th«' general manner of their t« ♦• • « 
planations of the m<Mle (»f excavation. Hroj^jri'ii's and U«*n. *^ . 
Some constant fratnr«'s as to their local surroundin<rs. ("li- 
which would affect the ice of the «flacicrs at th«*S4» localities/ .. 
sided HH'esjM'S in the face of st«'ep rocks. Materials tilling the ]u^ 
(.ieoU»^ical data of their formation. l*opular fallacies as to glacial k:-^ 
tie-holes. Ilhistrate<l by i)hoto^raphs, drawings and sketches. 
On the occurrence of a lunjv aren of Xejtheline Syctttte in the . 
townships of Damjiinnon ami Faratlny^ eastern Ontario. 

Frank I). Adams. 

IVscription of the |>etro^raphical character or mmle of occurr»*nce of 
a larj^e area of this rock discovered la.sl summer in the Laureiitian <»f 
eastern Ontario. Th<* mass extends for a distance of over s<*ven mih*s 
in an east and west direction and is in places excredinirly coarsr in 
l^rain, nepheline individuals 2^ feet in diameter liavin^ bi*en observi'd. 
Very larjre masses of stKlalite have also been obtaiiH*d. Tin* rock pn*- 
w»nts many strikin^r iK*culiariti«*s of comiM)sition. The pajn^r conchuh's 
with a refen»nce to the few oth«*r localities in the world w^h«'re this r<K'k 
is kn(»wn to occur. 
On Xejiheline Sodalite and Orthocla.se from the Xepheline Sy 

enite of Dnnyannon, Hastings county^ Ontario^ B. J. 

HaKUIN(}TON. 

This pa|M»r presents the results of a chemical examination of the neph- 
eline and siKlalite, as well as of a secondarv orthodase from the rock 
described in the last paiH»r. 

On some of the Cretaceous Fossils collected Ity J)r, (??o*r Sir)y 
James Hector^ daring Captain I^altisers Kuplorations in \ 
British Xorth America^ in lSr,7-(jO. J. F. Wuiteaves. \ 

These fossils, which were kindly lent to th<* writer by the (leolo^ical t| 
S«K'iety of I^mdon. ar«* jmrtly from the Northwest Territories and 
partly from Vancouver Island. They wen* n*|K»rted uinin provisionally 
by Mr. Ktherid^e in IStd and It^Ki, but the subsequent i>ublicatlon by 
Mr. Meek of his **K«*|H)rt on the Cretaceous and Tertiary Fossils of the 
rt)IM*r Misstniri Country." and of an illustrated paiH>r on the fos.sils of 
the Cretaceous rocks of Vanc(mver and the Sucia Islands, has enabled 
them to be determin<'d with much more accuracy now than was ikikki- 
bh* then. Cnfortunately. som«' of the fossils collected by Sir .lames 
Ht'Ctor cannot now be found. 

Xotes on some Fossils from the Xanaimo formation of Van- 
conrer, Ilornhy^ and Deninan islands, J. F. Whitf.aves. 

The S|H*citnens referred to in this pa|M'r an* the pn)|K»rty of the Pn»- 
vincial Mus(>um at Vic'toria, H. C., and wen* obli^iufrly lent by its 
curat4»r. Mr. .lohn F^innin. Many of them were collecttnl quite rec<»ntl\ 
by Mr. Walter Harvry. of Comax. They include a Grypfura not previ- 
ously noticed in tin'so rocks, remarkably fine and ixTfect examples of 
l.ytfU'rraM jukt'Mii Shar|>e. and other inten'stinjfammonitoid forms, thn**- 
of which are pn»bably new: also three new species of deca[H)d Crusta- 
cea. Two of thes«' Crustacea are crabs, and the other a loni^'tailed loh- 
st»»r-liki' siH'ci«'s, apparently referable to the ffenus l^Mh^rates, 
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to^rther^ '^^ ^^^** ^^^^^ obtained to date in supix»rt of the 

validity ^r u v^^'J^iii^ Loj^an's "Quebec frroiip," are also discussed. 
An sittoJiv ♦' ^-^ '^^1*^ ^^ 1?^^'*" ^^^'^ formation a resting-place in the lower 

•*vii (III It. Ill i)LIS^vi •• /•» • 

IW.1.H.... .J tv Ordovician of America. 

portion oi th J /-T f '^^ ^» J' ' r\ 1 1 * 

The 7>r "^'^^^'^^^ ^^'' C alert erouH formations in (juebee ana east- 

^,ii Ontario, R. W. Ells. 

mrie paper describes the physical characters of these formations as 
jj^'ginally understood, and their distribution in Ontario and Quebec. It 
.•iidicates the intimate relation between the two, both from the strati- 
j^raphical and paheontolo/LCical standpoints, and discusses the relation of 
the Podsdam sandstone to the underlying Cambrian and the propriety 
of assigning this formation to the base of the Cambro-Silurian (Ordovi- 
cian) system, rather than to the Cambrian. 
(>r(fanie Remains of the Little Jficer group, G. F. Matthew. 

The first part is a brief review of the flora of this group as described 
by Sir Wm. Dawson. The llora as an entity is compared with the sev- 
<'ral floras ranging from the Upper Silurian to the Coal Measures that 
have been found in the Middle States and northeastern America. Sir 
AVm. Dawson's genera are used for this purpose. The genera based on 
fossil wcK)ds, chietiy from the middle division of the Devonian rocks, are 
not considered, as they were investigated with the microscopt^ Oi the 
thirty-three genera of the Little River group, nine are found in the 
Lower Carbon if erons, and an equal number in the Upper and Middle 
Devonian, respectively. On the other hand, the very remarkable fact is 
brought In view that there are no less than twenty genera of the Coal 
Measures. Yet it is quite certain that there was no direct or near con- 
nection between the flora of the Little River group and that of the Coal 
Measures, as will be seen from the data given in the former article on 
this group. The explanation of the large number of g«*nera common to 
the two formations probably is that the Little River time and group an- 
tici[)ated the climate and soil of the Coal Measures in a way that did not 
hapii<'n in northeastern America in any of the times referred to earlier 
than the Coal Measures, so far as we know. The myriajHids of the Lit- 
tle River group number six and are of five different genera. The most 
abundant fauna of a similar kind is that of the lower Coal Measures of 
Mazon creek, Illinois. Several of the genera found there occur in the 
plant bed of the Little River group. The most remarkable are those of 
the genus Euphoberia. 

The Fossil Cockroaches of North America, S. H. Souddek. 
Progress of Geological Investigation in southwestern Nova 
Scotia, L. W. Bailey. 

The only existing publications referring to the geology of southwest- 
ern Nova Scotia are the Arcadian Geology of Sir William Dawson and a 
reiK>rt u[M)n the gold fields of the province by Dr. A. R. C. Selwyn, 1871. 
In each of these cases the observations recorded were based upon cur- 
sory examinations only, and were for the most part confined to the sea- 
board. During the last three or four years a much more systematic ex- 
])loration of the region has been effected, under the auspices of the 
geological survey, and the pur[x)se of the present paper is to give a 
summary of the results attained. The paper is accompanitul by a sketch 
ma[) showing the latest results in the delimitation of the formations 
represented. 
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Glacial Kettle-holes in Canai'^^^ tJie (•lassifieation of the radio- 

( 
t1i( 
ada 
no 

lhf» Ottawa vallov. Similar k<*ttlo-holcs in Califoi A more complete 
way, Sweden, and Finland. Occurrence at many d. appear in the 
(ireat size and depth of some examples. Their occui 
and sin;;?ly. Theories as to the jjeneral manner of their fov 
planations of the mode of excavation. Broj^jjen's and UeiiH^rovision 
Some constant features as to their local surroundin^rs. H^^iurvey, 
which would affect the ice of the glaciers at thes«? h>calities?SL. ^e 
sided recesses in the face of steep rocks. Materials filling the h^L. 
Geological data of their formation. Popular fallacies as to glacial kWt 
tie-holes. Illustrated by photographs, drawings and sketches. ^ 

On the occurrence of a large area of Xepheline Syenite in th(\ 
townships of Dangannon and Faraday^ eastern (>ntari<t. 
Frank 1). Adams. 
Description of the {)etrographicaI character or mcKle of occurrenc«* of 
a larg<; area of this rock discovered la.st summer in the Laurentian of 
eastern Ontario. The mass extends for a distance of over seven miles 
in an east and west direction and is in places exceedingly coarse in 
grain, nepheline individuals 2^ feet in diameter having been observed. 
Very large masses of sodalite have alsp been obtained. The rock pr»'- 
sents many striking i:)eculiarities of comiK>sition. The pa|M*r concluch's 
with a reference to the few other localities in the world where this rock 
is known to occur. 

On Nepheline Sodalite and Orthoclase from the Xejtheline Sy- 
enite of Dungannon, Hastings county, Ontarir^ B. J. 

Harrington. ~\ 

This paper presents the results of a chemical examination of the mi|)h- 
eline and sodality*, as well as of a secondary orthoclase from the r(>9k 
described in the last paiH»r. \ 

On some of the Cretaceous Fossils collected hy Dr, [now Sir)\ 

James Hector, during Captain Pallisers J'J.i2)lorations in 

British North America, in 1857-00. J. F. Whiteaves. 
These fossils, which were kindly lent to the writer by the geological * 
Society of London, are partly from the Northwest Territories and 
partly from Vancouver Island. They were reported uiK)n provisi()nalI> 
by Mr. Etheridge in 18fil and 180.*^, but the subsequent publication by 
Mr. Meek of his '*Ue|K)rt on the Cretaceous and Tertiary Fossils of the 
Upper Missouri Country," and of an illustrated pai)er on the fossils of 
the Cretaceous rocks of Vancouver and the Sucia Islands, has enabled 
them to be determined with much more accuracv now than was possi- 
ble then. Unfortunatelv, .some of the fossils collected bv Sir .lames 
Hector cannot now be found. 
Notes on some Fossils from the Nanaimo formation of Van 

couver, Hornby, and Denman islands. J. F. Wditeaves. 
The siM^cimens referred to in this paper are the property of the Pro- 
vincial Museum at Victoria, H. C, and were obligingly lent by its 
curator, Mr. ,Iohn Fannin. Many of them were collected (juite rec^'Utly 
by Mr. Walter Harvey, of Comax. They include a Gryphtpa not previ- 
ously noticed in these rocks, remarkably fine and perfect examph'S of 
LytoceraH jukesii Sharjie, and other interesting ammonitoid forms, ihrci' 
of which are probably new; also three new species of deca[M)d oriisla- 
cea. Two of these Crustacea are crabs, and the other a long-lail«'(l lob- 
ster-like .siK'Cies, apparently referable to the genus Poiloiuitex. 
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Walker Prizes in Natural History. 



By the provisions of the will of the late Dr. William Johnson 
Walker two prizes are annually offered by the Boston Society of 
Natural History for the best memoirs written in the English lan- 
guage on subjects proposed by a committee appointed by the Council. 

For the best memoir presented a prize of sixty dollars may be 
awarded; if, howeVer, the memoir be one of marked merit, the amount 
may be increased to one hundred dollars, at the discretion of the 
committee. 

For the next best memoir, a prize not exceeding fifty dollars may 
be awarded. 

Prizes will not be awarded unless the memoirs presented are of ad- 
equate merit. 

The competition for these prizes is not restricted^ but open to all. 

Each memoir must be accompanied by a sealed envelope enclosing 
the author's name and superscribed with a motto corresponding to one 
borne by the manuscript, and must be in the hands of the Secretary 
on or before April ist of the year for which the prize is offered. 

Subjects for 1895: — 

(i) A study of the **Fall line" in New Jersey. 

(2) A study of the Devonian formation of the Ohio basin. 

(3) Relations of the order Plantaginaceae. 

(4) Experimental investigations in morphology or embryology. 

Subjects for 1896: — 

(i) A study of the area of schistose or foliated rocks in the eastern 
United States. 

(2) A study of the development of river valleys in some consider- 
able area of folded or faulted Appalachian structure in Pennsylvania, 
Virginia, or Tennessee. 

(3) An experimental study of the effects of close-fertilization in 
the case of some plant of short cycle. 

(4) Contributions to our knowledge of the general morphology or 
the general physiology of any animal, except man. 

Note.— In all cases the meniuirs are to be based on a considerable body of original 
work, as well as on a general review of the literature of the subject. 

SAMUEL HENSHAW, 

Secretary, 

Boston Society of Natural History, 
Boston, Mass., U. S. A. 
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THE MADISON TYPE OF DRUMLINS.'' 
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DrI'MLINS enclosing nucleal beds of sand and (iUAVEL, BUT 

mainly composed of till, in wlnthrop and scituate, 

Mass. 

Tho earliest publieations known to lue of observations of 
ilrumlins structurally resembling those which form the sub- 
ject of this paper are by Mr. W. W. Dodge, of Cambridge, 
Ma8s.,f and by the present writer, J describing the oval hills 
of till called Great Head in Winthrop and Third and Fourth 
Clitl's in Scituate, Mass., each of which is nearly half washed 
away by the sea. Great Head, having only a slight thickness 
of basal and nucleal stratified beds, is one extreme of a series. 
It? middle term is represented by the Third and Fourth 
Cliffs. Its most full and complete expression is found in the 
Capitol, University, and Observatory hills in Madison, Wis- 
consin, consisting chiefly of a nucleal mass of sand and gravel 
with a veneer of till, which I had opportunity to examine 

*A pajHT pr«'StMit('(l b«'ft)n* tlu* (M'olojrical S<»ci«*ty of Am«'rica at the 
Boston m«M'tinjr, Ih-c. :>». I8():J. 

f Am. Jour, of Sci«Mic»*, third s»'ri«*s, vol. xxxvi, p. 5(i. .Inly, 1888. 

IProcfM'dinjrs, U<»sto!i Societv of Natural Historv, vol. xxiv, pp. 127- 
Vl'2, l)«'c. 11), lH88:aii<l sam«' vol., pp. 228-242. April' 17, 1881). 
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during attendance at the last summer meeting of this society. 
We may best understand the structure and origin of this 
peculiar class or type of drumlins, here named the Madison 
t3'pe from the city where it is so finely displayed, by noticing 
in the foregoing order its several gradations of development. 

Great Head, five miles northeast of Boston, is an excellent 
example of the many drumlins which form the islands of 
Boston harbor and abound in all the surrounding cities and ' 
towns to a distance of five to ten miles or more from the state 
house. Other examples are Beacon hill in Boston ; Bunker 
hill in Charlestown; Prospect and Winter hills in Somerville : 
the Observatory hill in Cambridge; Core}^ hill in Brookline ; 
Chestnut and Institute hills in Newton: Bellevue hill in West 
Roxbury ; Mt. Bowdoin in Dorchester; the Wollaston Hights, 
Forbes, and President's hills, in Quincy: Great hill in We}'- 
mouth; Baker's and Prospect hills in llingham; all the hills 
of the Nantasket peninsula ; Scituate hill in Cohasset: and 
First, Second, Third, and Fourth Cliffs, in Scituate. 

These drumlins, which were formerly known by Prof. C. H. 
Hitchcock's designation as lenticular hills of till or unmodi- 
fied glacial drift, attain bights varying from 30 to 200 feet 
above their bases. Their crests in this district of Boston and 
its neighborhood adjoining Massachusetts bay are at all alti- 
tudes from very near the sea level up to 850 feet above it. 
They have in most cases very smoothi}' oval, gracefully mould- 
ed outlines, with steep slopes on each side, more gentle ascent 
at each end, and a beautifully rounded top. In area they 
range, in [)roporti()n to their bights, from a length of a few 
hundred feet to about a mile, with usually half or two-thirds 
as great width. Their longer axes here trend southeasterly 
and varv in direction from south-southeast to east-southeast, 
taking the courses of the latest currents of the ice-sheet up- 
on this area. Though drumlins are distributed in profusion 
on this part of our coast, they are also found in ecjual abund- 
ance upon large inland tracts of Massachuseetts and south- 
ern New Hampshire, to bights of 1,500 feet above the sea in 
the vicinity of Monadnock mountain, on the watershed be- 
tween the Merrimack and Connecticut rivers. Their numbers 
mapped by me in New Hampshire, under the direction of 
Professor Hitchcock for the Geological Survey of that state, 
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are nearly 700; and Mr. George H. Barton, mapping them in 
MassachiisettB, tincler the direction of Prof. N. S. Shaler, for 
the United States Geoh>gieal Survey, finds about 1,500 drum- 
lins, counting, as in New Hampshire, the separate rounded 
summits of compound drumlin aggregations, where two or 
three of these hills, and sometimes more, are merged together 
at their bases. 

Nearly all of the many sections of drumlins shown in the 
vicinity of Boston by artificial excavations, and more exten- 
sively by the high cliffs where these hills are being worn away 
and freshly undermined by the sea, reveal onl}' till, very com- 
pact and containing frequent or plentiful boulders up to five 
feet or rarelj' ten feet in diameter, which, like the smaller 
embedded stones and pebbles, usuall}^ have glaciated forms 
and often preserve distinct glacial striie. This deposit is the 
direct product of the ice-sheet. Any traces of assortment or 
stratification by water are exceedingly rare. Instead, the till 
derived from glacial transportation and deposition is seen in 
numerous sections to extend quite from the base of these hills, 
or from the sea level, upward through their central part to 
their crests. The compactness of the till, its abundant gla- 
ciated stones, the peculiar lamination of its cla3'e3^ matrix, 
due to the gradual surface accretion, and other characteristic 
features, clearly demonstrate it to be an accumuhition formed 
beneath the weight of the overriding ice-sheet, whose current 
moidded the growing drumlins in their smooth oval forms, 
having their longer axes parallel with the latest movement of 
the ice over them. Onlv a small amount oT finally englacial 
drift, apparently averaging no more than from one to three 
feet in the neighborhood of Boston, was dropj)ed on these 
hills from the ice-sheet when its waning border retreated past 
them. 

After studying the drumlins of Nev\- Hampshire and eastern 
Massachusetts more than ten years, 1 first learned of the ob- 
servation of an instance with a nucleal stratified deposit by 
Mr. Dodge's description of the sea-clitf section of Great Head, 
which rises by a steep newly undermined slope, and near the 
top veHicttlly, to a hight of 100 feet above the ocean. This 
section consists of ordinary till, weathered yellowish above 
but dark bluish below, from its top to within 20 or 15 feet 
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above meHn tide, whev»- its base, mon; fully exposed several 
year^ ngo during the constnietion of u niilrniid than at the 
present time, WHS ohhir\(d b\ Mi Dodge to be » somewhat 
arched bed of "loosi dean riithir fini graitl." This was 
peen to be <)verlain b^ till whith exhibited tnioes of an im- 
ptrfet-t Htratilieatioii «lo=t to thtir line of separation but 
above is entirely iinotralihtd 

In the aittiiuin of IHHS it wjia ni} Rfod fortune to find two 
other sections of dnimlinb whM h 01 re amplj display this in- 
teresting striietiiri niinith tht Third aihl l-oiirth Clilfs of 
Seituate, MaHs.. lib ill tvMntj Tni miks =oiithLast of Boston. 




These drmnliiis. resjieetnely about 70 and 00 feet in hight, 
eonsist of til) upon their whole surface nnd to a depth that 
varien from 13 to :25 feet and more, but below ineliKlc beds of 



modified drift that attain inThird ClitT a thickness of at least 
30 to 40 feet, reaching to the bonlder-^trewn shore, dnd in 
Fourth Tlitf a thickness of 10 to 20 feet, being seen there to be 
underlain by till and to be also in pnrt inlerbeddetl with it. 



Detniled descriptions of thetie sectinnR, with figurc§ of them 
and « map showing tlie four Hc»-olitfi> and » rciuiirkable esker 
called Coleman's hill, extending u mile westward from the 



Fir.. 6. Scelion oi Fourth CliH. lenRlh. aboul i.kki li-el. hiRhi. (k> let-t abnvL- Iho wa. 

drumlia of the Third CtitI', iire given in the second of my pa- 
pers in the Proceedings of the Bustim Society of Naturttl 
History be/ore cit«d. By the kindnc^^e of the secretary of this 
society, I am permitted also to present here these figures and 
map, for comparison with the Mndison drumlins which are 
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shown in Plate in. Tlie extraordinary structure of the till- 
covered hill of Third Cliir, and its topograi)hic position in the 
same east and west line with the esker of Coleman's hill, con- 
vince me that the two were formed rapidly and in close suc- 
cession, the esker after the dnimlin. during the retreat of the 
ice-sheet, here withdrawing from east to west, at the end of 
the Glacial period. 

SlUtl.AU UKIMI.INS, WITH MKKK MCI.KAI. STIIATlKIKt) SAND. IX 

MauisoS. Wisconsin. 
Three hills of this cIhss or typi". each having a large central 
mass of stratified sand and line griivcl. with a superlicial 
veneer, mostly 5 lo 10 feet thick, of boulder-clay or till, 
stand in an east to west series forming the most conspicuous 
elevations of the city of Madisim. Wisconsin. The state eap- 
itol crowns the eastern one of these peculiar drumlins:ihe 
oldest building of the state university is on the summit of the 
second; and the crest of the third and most western, where 
the president of the university formerly lived, is now, since 
1878. the site of the Washburn Observatory and of the resi- 
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dence of the astronomer, Prof. George C. Comstoek. They are 
accordingly known as the Capitol, University, and Observatory 
hills. Madison lies about a dozen miles east from the eastern 
border of the large driftless area of Wisconsin, which there is 
bounded by the outermost or Kettle moraine of the later drift. 
Toward this moraine the ice-sheet in the vicinity of Madison 
moved southwestward, as is shown by the courses of glacial 
striie on the somewhat infrequent exposures of the bed-rocks. 
Altitudes of these hills and others in Madison and of the 
contiguous lakes, Mendota or Fourth lake, close on the north, 
and Monona or Third lake and lake Wingra. close on the 
south, 1 have received from the contoured map of the city in 
the office of Mr. McClellan Dodge, the county and city engi- 
neer, and in part from Prof. Nelson O. Whitney. Further 
notes, as given in the following table, of the altitudes of the 
avenues of drainage from this district southward to the Rock 
river and from the watershed west of Madison and lake Men- 
dota westward by the Black Earth river to the Wisconsin, and 
the bights of the most prominent points within a score of 
miles northward and eastward, from which directions the gla- 
cial currents and drift of this area came, are derived from the 
reports and atlas of the Geological Survey of Wisconsin by 
Profs. Chamberlin and Irving and their assistants. 

AUitudeM in ^f(^di^*on antf itn ririniti/. 

Feet above 
the sea. 

Lake Michigan, m«'an surfact* abovt* mt»an lid** s«'u I»'v«*l. . . ..'>81 

Kock rivor at Heloit, on l)n» south liiu* of Wisconsin TM 

Hook rivf'r at thf moiiili of CalHsli cn'fk (Yahara riv«T), 

al>oiit 77.") 

Lakt* Koshkonon^, about 781 

Lake Kt'jfonsa. Iht' First Iak«' of tin- s«'ri«'s tributary by Cat- 
fish CHM'k to thi' Hock rivtT 84 1 

Lake Waubosa, tht- S<*con(l Iak«* 842 

Lakf Monona. th«* Third hik«'. low wator, th«' (hitum of th«' 

Mailison ciiv I«'v<*ls 84^1 

» 

Lak«' M«*ndota, tht* Fourth hik«' 8.')! 

Lak<' Winu'ra, shaMow. \v»*st of lakr Monona and tributary 

to it 847 

Madison, i h** i'asi«'rn railway dt'|M»!s 840 

Madison. th«* w«*stfrn ch*iM»i of tin* ('. M. iV St. P. railway .. .8r)r» 
Pof^f Capitol hill \n^ 



'1^ 
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Top of H liij^htT drumlin about a ciuaplor of a mil*' north- 
wesl, at tlir rcsidi'iici* of Senator William V. Vilas 
(callf'd Lan^rdoii hill on a followinji^ P^^**) ^*28 

IVprossion bt»twocn the last and Capitol hill 8JK) 

Drumlin cn-st on East Gorham stnM^t, ru*arlv a half milt* 

north-northt*ast from lh«' capitol 88() 

Two drumlins, each risinjr about 'io foet above the adjoin- 
ing? land, a half mile and one mile easl-norlheast from 
the easti'rn depots, crests about 87.*> 

Low land crossed by Lake and Murray streets, at tin* eas- 
tern base of the University hill, about HitO 

Top of University hill 955 

Depression between University and Observatory hills !)20 

Top of Observatory hill aVi 

Dairy house of tin' Wisconsin Ajrricultural Exiwrimeiit 

Station farm, on the western slop<? of Observatory hill. .1K)*i 

Kesidence of Prof. F. H. Kinj?, about a sixth of a mile 

southwest of the last 875 

Surface alon^ the course of a south to north series of ex- 
IM'ri mental boring's by Prof. Kinjr, at the west end of 
Observat^>ry hill, passin«i^ about a dozen nnls west of 
the dairv house 807-872 

Swamp two to three miles west of lake Mendota, on the 
watershed b<»tween this lake basin and tlu* Hlack 
Earth river, tributary to the Wisconsin river, about. . . .1)35 

Ur<»ss Plains, on the Black Earth riv»'r six miles farther 

we.st , deix)t 851* 

.Mouth of Hlack Earth river, 27 miles west -north west of 

Madison 728 

HIjrhest points of the country within twenty miles to the 
north, northeast, and east from Madison, consistinjr 
partly of the crests of drumlins. but including (piar- 
ried rock outcrops up to nearly 1,050 feet, situat(>d 
seven to twelve miles northeast from Madison 1)50-1125 

Capitol hill, if bounded at each end by a contour line 15 or 
20 feet above lake Monona, has a length of about 4,000 feet, 
trending from northeast to southwest. On the shore of this 
lake, along a distance of a quarter of a mile, the margin of 
the hill has been eroded to a steep bank 20 to 80 feet high. 
Measuring thence across the Capitol Park to the depression 
separating this drumlin from that of Senator Vilas' residence, 
we find the width of the Capitol hill t(» he about 2,400 feet, 
having a ratio to its length of H : 10. A large space on its top, 
including most of the Capitol Park and some adjoining land 
to the extent of fully a quarter of a mile from north to south 
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and a sixth of a mile in width, is nearly flat, with a hight of 
70 to 75 feet above lake Monona. 

In the boiler room of the eapitol building a well 1,015 feet 
deep obtains water which rises from its lower portion to 60 or 
70 feet below the surface. The section shown by this well is 
boulder-clay from the surface to a depth of eight feet; strat- 
ified sand, enclosing occasional boulders, reaches thence 60 
feet: and gravel occupies the next twelve feet, to a total 
depth of SO feet, where the boring appears to have passed into 
shaly beds of the Potsdam sandstone formation. It is possible, 
however, so far as the record indicates, that the next 46 feet 
also are referable to the drift, being boulder-clay or till. Nu- 
merous other sections on this hill, as for cellars and cisterns, 
pass through the till in five to fifteen feet, coming to sand 
beneath. At 80 feet, or less probably 126 feet, the eapitol 
well goes into the Potsdam sandstone, which extends to a 
depth of 805 feet from the surface and is succeeded thence to 
the bottom by Archa'an crystalline rocks.* 

The top of the bed rock under the center of the Capitol 
hill, if reached im media tel}^ beneath the gravel, lies at a 
greater hight than the beds of lakes Monona and Mendota, 
the maximum depths of which, according to Prof. E. A. Birge, 
are for the former probably about 50 feet, and for the latter 
75 to 80 feet. The greater part of the area of lake Mendota, 
six miles long and two to four miles wide, seems, by Prof., 
Birge's two transverse series of soundings, to be a rather flat 
tract, depressed 50 to 75 feet below the lake level. Probably 
under these lakes a considerable thickness of drift overlies 
the bed rock, perhaps as much as its average on the surround- 
ing land. 

Northwest of the Capitol hill, an equally long but narrow 
drumlin reaches from the northeast end of East Gilman street 
west-southwesterly along that street and Langdon street 
nearly to Lake street. At its northeast end this drumlin rises 
with the usual ste("|) slopes, hut toward the southwest it is 
prolonged in a very slowly declining ridge. Its top is 85 feet 
above lake ^Monona. Its surface and the eroded blulF, 20 to 
40 f(^et high, where its northern side has been worn away by 
lake Mendota. consist of till with plentiful boulders. Prof. 

*(MM)l(»L'^y (»r AViscoiisin. \'<)1. ii. is;;, pp. .")(), (»0."). 
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O. E. Culver informs me that a well dug man}'^ ^^ears ago on 
the upper part of the steep northeast end of this drumlin 
reached the bed-rock nearly at the level of this adjoining 
lake; and that another well 50 feet deep, on the southwestern 
slope near the crest, is said to be wholly in till. 

About a sixth of a mile of lowland till, only 10 feet above 
lake Mendota, separates the western end of the Langdon hill, 
as the last may be called, from the eastern foot of the Uni- 
versity hill. Beginning close east of Park street and of the 
Science andLibrary Halls, this hill,nu)re nearly' round than any 
other in its series, extends about 1,600 feet from east to west 
with a width of about 1,300 feet, not including the margin of 
probably 100 feet which has been eroded by lake Mendota on 
the north. The original ratio of the width to the length of 
University hill was therefore approximate!}' 7:8. The natu- 
ral section of its northern slope cut b}' the lake erosion shows 
sand to a hight of 15 or 20 feet, enveloped by a superficial 
deposit of about 8 feet of till, whose boulders are strown in 
abundance on the shore. The top of this hill is 104 feet 
above lake Mendota. 

An excellent section to a depth of about 10 feet and 500 
feet long, crossing the eastern slope of University hill about 
midwa}' between its foot and top, was supplied in 1892 by the 
trench for laying a large steam pipe from the boiler house to 
the new Law building. At each end this trench found the 
till to reach from the surface to a depth of 5 to 8 feet, being 
underlain by sand. Thence the till gradually diminishes in 
thickness toward the central part of the section, where for a 
distance of some 200 feet or more the sand rises quite to the 
surface. This portion of the central sand mass, destitute of 
its usual covering of till, forms a slightly protuberant swell, 
one to five feet in hight above the general slope, from close 
to the base upward for two-thirds of the hight of the hill. 
Nowhere else on any of these drumlins does their nucleal mod- 
ified drift have any natural exposure at the surface, being, 
with this excepti(»n, everywhere veneered by the boulder- 
clay or till. 

From the capitol to the original main building of the Uni- 
versity, that is, from center to center of the Capitol and Uni- 
versity hills, is a distance of one mile in a due west course. 
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Adjoining the west end of University hill, beyond an inter- 
vening depression of 30 feet below their summits, rises the 
Observatory hill, 101 feet above lake Mendota, about 1,800 
feet long and two-thirds as wide, trending from east to west, 
but with its western extremity slightly deflected southwest- 
ward. The observatory is 57 rods west of the University 
main building, and 39 rods from lake Mendota. A contour 
line 70 feet above the lake, at the level of the sag between 
the two hill tops, encircles an upper area of the Observatory 
hill 450 feet wide and 1,100 feet long, having nearly the ratio 
of 2:5. 

An excavation for a cess-pool at the top of this hill close 
to Prof. Corastock's house, reaching a depth of 21 feet, found 
the boulder-clay 7 feet thick, and all its lower portion was in 
sand and gravel, the coarsest Ia3^ers containing pebbles up to 
six inches in diameter. Here and there a few boulders, up to 
two feet in diameter, were encountered in the stratified drift. 
Three to six rods southwest of the observatory, an excava- 
tion in the southern slope to a depth of 20 or 30 feet was 
worked many years ago to suppl}^ sand and gravel for masons' 
use and road repairing. Much gravel and many boulders of 
small and large size are embedded in the superficial till of this 
hill, as seen by me on its surface and in excavations to the 
depth of ten feet for the foundations of the Agricultural 
College green-house, near the dairy house on its western slope. 
On the very^ top, only about four rods west of the observatory, 
a boulder of Archtean gneiss, ten feet long, lies half or more 
embedded in the till. Prof. R. D. Irving stated the depth of 
the drift under the top of this hill to the bed rock to be 122 
feet.* Under its western part, at the dairy house, according 
to Prof. F. H. King, a well 4S feet above lake Mendota went 
six feet in till, and all its remaining depth, to a total of 84 
feet, in sand and gravel, not reaching the bed rock. 

Si HCiLAClAL DEPOSITION OF TIIK NLCLEAL BEDS. 

In Madison, as in Winthrop and Scituate, Mass., I regard 
the nucleal sand and gravel of these drunilins as a subglacial 
deposit, brought to its present |>lace by streams flowing from 
the melting surface of the ice-sheet during its final recession. 
The saiul and gravel were gathered, as 1 think, from englacial 

*( J«'<)ln«j-y of Wisconsin. \ol. ii. p. (1*2.'). 
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drift which had becnme fnipcrgltu-ial, bcinf; ^xpnRod on tho 
ice anrface by ublation. Loaded with ttiene materials, tlie 
niperglacial streams encountered crevnRscs. down which they 
plnnged. Wholly beneath the ice-sheet, or within its lower 
part, at the level whence the waters flowed away under or 
within the ice, bearing their finer gilt and clay onward, the 
I forming the centtr of these hills were accumulated. In 
|ee i>r the Madison dnimlins, the avenue of outflow of 
iglafial or more probably englauial stream appears to 
wn the col, now n swamp about So feet above lake 
\a, wbich divides that lake basin from the Black Earth 
bwing into the Wisconsin river (figure 1, plate in). 

>cations of the three large drumling in Madis<m which 
fown to enclose stratified sand and gravel as their cen- 
■d chief masses, forming an east to west series, seem to 
■ point very surely to their close relationship in origin. 
Vthie (Jreen Bay lobe of the tce-pheet receded from its 
tnioraine, convergent slopes of its surface from the north 
IPUth and from a considerable area eustward probably 
1 the waters of its melting and of rains toward the eant 
line of these hills and toward the Black Karth col. 
ncipul stream of this depression upon the ice. falling 
^h cri-vasses duringseveral ormany summers, appears to 
"iBSsed first the chief part of the Observatory hill, and 
.uird successively the nucleal beds of the University and 
*^iCol hills (figures 2 and 3, plate in). 
Not only these great accumulations of sand and gravel were 
D deposited, but also similar beds were laid down on the low- 
^nda and overspread by till west of the Observatory hill and 
Mt of the Univerwity hilt. A series of eleven borings by 
Prof. P. H. King on the Agricultural Kxperiment Station 
farm, along a line one-fourth of a mile long from south to 
north passing acrosi^ the western base of Observatory hill, 
found the till to range from K to '20 feet in tliickness, attain- 
ing its maximum at the end of the longer axis of the hill, 
where a boring was sti>pped at if) feet by u lioukhr. All the 
other borings of the series passed through the till and went 
several feet in gravel, which undoubtedly is <'ontinuous with 
the chief mass of the hill. On the flat an<l •'lightly tower sur- 
face within a sixth of a mile further west tin- superficial de- 
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posit of till contains notably fewer boulders and less gravel 
than on the hill and close to its base, and its thickness is de- 
creased to 5 feet or in some places only^ 3 feet. At Prof. 
King's house, 24 feet above lake Mendota, the till is 8 feet 
deep, underlain by 12 feet of sand and fine gravel, to the bed 
rock at the depth of 20 feet. Likewise on the lowland east 
of the University hill, a well at Prof. Birge's house, about 10 
feet above lake Mendota, went 8 feet in till, and several feet 
into sand below. 

One reason for an exceptionally large proportion of sand 
in the drift of this area is found in the underlying Potsdam 
sandstone, which reaches five miles northeastward and twelve 
miles northward from Madison. Prof. Irving suggested that 
the basins filled b}' the lakes north and south of this city were 
probably made chiefly by glacial erosion of this soft sand- 
stone. 

When the border of the ice-sheet had retreated so far as to 
uncover the land here, much further deposition of sand and 
gravel as hillock}^ and ridged low kames and eskers, occasion- 
ally enclosing boulders but not overlain by till, took place on 
the area extending from a half mile to one and a half miles 
south of the University hill. The most noteworthy of these 
deposits is an esker a half mile or more in length from south- 
east to northwest and 30 to 60 feet high, which forms part of 
the northeastern shore of lake Wingra and reaches southward 
beyond Fitchburg street. Excavations in the southern part 
of this gravel and sand ridge show an irregular stratification 
with a prevailing northwestward dip, varying from 15° to 
45^. The glacial river by which the esker was formed, walled 
by ice on each side occupying the present areas of lakes Win- 
gra and Monona, flowed to the northwest, transverse to the 
previous direction of the glacial movement over this tract, 
but toward the Black Earth c(»l and the avenue of the some- 
what earlier glacial drainage to which I think the accumula- 
tion of the sand and gravel cores of the Madison drumlins 
was due. 

ACC'LML'LATION UF THE OVKKLYlNCi TILL. 

Above the sand and gravel in these drumlins there is so 
scant}' a veneer of till that we may readily assign nearly all 
of it to the probabl}' somewhat uniformly thick sheet of finally 
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englaciai aud superglacial drift contained in the ice and ex- 
posed on the surface when its boundary was withdrawn across 
this area. On the lowhinds adjoining the hills this sheet ap- 
pears to have been from three to eight feet thick. Neither 
there nor on the hills do I see need of supposing, with Prof. 
R. D. Salisbury,* that some part of the fine silt of this till had 
been blown upon the ice-sheet from the driftless area, unless 
it may be so small an addition as the "cryoconite" observed 
by Nordenskiold and Nansen on the western half of the Green- 
land ice-sheet.f 

My observations, like those of Profs. ( 'hamberlin and King, 
find the till upon the Madison drumlins more plentifully 
charged with boulders and smaller stones than the correlative 
deposit on the lowlands. The transportation of these rock 
fragments from the adjoining portions of the ice-sheet to the 
drumlin hills I think attributable to convergent glacial cur- 
rents flowing downward from contiguous higher tracts of the 
ice to the depressions of its surface beneath which the sand 
and gravel had been a massed. J In reference to the theory of 
the origin of drumlins which I present in the paper here cited, 
I may reply to the principal objection urged against it hy 
Prof. W. M. Davis,}? Mr. George H. Barton, || and Prof. T. C. 
Chamberlin,** namely, the local derivation of much of the 
drift forming the drumlins, that I have partly considered this 
objection in the original paper, as it seems to me sufficiently 
for such drift as is derived from distances of one mile or more. 
The upward moving basal currents of the ice probably carried 
the drift up from the land to bights equal to that of the largest 
drumlins within one or two miles of advance, as is shown by 
the Pinnacle hills esker, Rochester, N. Y. Moreover, wherever 
drumlin accumulation took place on a land surface, with no 
ice beneath, as may have been the more common way, much 
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drift from the land, carried forward subglacially while the 
drumlin was being amassed, would be commingled with its 
previously englacial drift. Especially where such a drumlin 
appears to have been formed upon a rock knob, thereby con- 
cealing it, as instanced by Chamberlin from observations of 
Mr. Buell in Wisconsin, the englacial drift and many frag- 
ments from the knob on which it was accumulated must be 
intermixed in the growing drift hill. The idea of Prof. Davis 
that the englacial drift in becoming superglacial by ablation 
must be mostlv or whollv washed, assorted, and stratified on 
the ice surface by the water and streams produced in its melt- 
ing, seems not to be supported by the prevailing character of 
the drift covering the border of the Malaspina ice-sheet; and 
it was not so supposed by me for the waning border of the 
Pleistocene ice-sheet in the process of its concentration of the 
drift to form these hills. After reading Prof. R. 8. Tarrs re- 
cent paper on this subject,* 1 still believe the usual drumlins 
consisting wholly of till to have been formed from englacial 
drift which had become superglacial and was afterward 
enclosed as a stratum of drift in the ice-sheet. By this view 
I think that all the peculiarities of distribution and group- 
ing of the drumlins may be best explained. 

Upon a large region extending eastward from Madison 
drumlins are very abundant, so that Mr. I. M. Buell, assisting 
Prof. Chamberlin in the glacial field work (»f the United States 
Geological Survey, has mapped nearly 2,500 of them in south- 
eastern Wisconsin, finding in some tracts an average of 
about seventy-five for each township six miles square. f The 
country is a moderately^ rolling or hilly but nowhere very ele- 
vated expanse of the Cambrian and Silurian bed rocks, upon 
which the drift is spread as a somewhat uniform sheet. Above 
the general drift sheet its drumlin hills comprise usually only 
a small part of its entire amount. They occupy, even where 
grouped most closely, perhaps a quarter or third of all the 
area, rising 50 to 150 feet above the intervening low grounds. 
It will be a most interesting question to determine whether 
the Madison type of drumlins has any large representation in 
this region. Conversations with Profs. Chamberlin and Sal- 

♦ Am. Geologist, vol. xiii, pp. :^5)3-407, June. 181M. 
f Am. Geologiht, vol. xii, pp. 172, ITO, Sept., 18l)*{. 
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isbury, Mr. Frank Leverett, and Mr. Buell, who all have spec- 
ially studied the drift around Madinon, lead me to think it 
more frequent there than in New Hampshire, Massachusetts, 
and New York, where also drumlins are magnificently devel- 
oped, among which, however, the Madison type certainly is 
very rare. 



NOTES ON THE GEOLOGY OF THE ROCKY MOUN- 
TAINS BETWEEN THE SASKATCHEWAN 
AND THE ATHABASCA. 

By A. 1*. C\»LEMAN. School of Practical Science. Toronto, Can. 

During the summers of 1892 and 1898 some explorations 
were made in the Rockies between the headwaters of the 8as- 
kat<?hewan and the Athabasca. The region lies between two 
fairly well known passes, the Howse pass, leading from the 
Sa8kat<?hewan to the Columbia, and the Athabasca pass, fol- 
lowing up Whirlpool river from its junction with the Athabasca 
and following down Wood river, a tributary of the Columbia. 
The tract of mountains lying between the two passes, though 
including some of the grandest mountain scenery in North 
America, has been almost wholly neglected by scientific ob- 
servers, and the maps hitherto published represent it very in- 
correctly. 

In 1892 the expedition consisted of Mr. Stewart, of Toronto, 
Dr. Laird, of Winnipeg, Mr. Pruyn, Mr. L. Q. Coleman, of 
Morlev. Alberta, and the writer: with two Stony Indians as 
guides. In 1893 the part}' was limited to Mr. Stewart, Mr. 
L. Q. Coleman, and the writer. Guides were dispensed with, 
having been found useless beyond theirown hunting grounds. 
A white man, Frank Sibbald, was employed as packer, and 
proved very ettlcient. 

The object of the expeditions was mainly t(»pographical, to 
explore an interesting unexplored region and especially to de- 
termine the hight of Mt. Brown, reputed the highest mountain 
in Canada. The topographical results and a map showing 
several new lakes and rivers, as well as the general mountain 
features, will be published elsewhere. It may be mentioned, 
however, that Mt. Brown was found to be only 9,000 feet in 
hight, instead of nearU' 1(5,000, as generally stated. There 
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were many higher peaks in the region explored, but probably 
none rising above 13,500 feet. 

Observations were made on the geological features of the 
region, and a ^raall collection of fossils was obtained. These 
were submitted to Mr. B. E. Walker, of Toronto, for determi- 
nation, and my heartiest thanks are due to him for the care- 
ful work bestowed upon them. A few fossils which Mr. 
Walker was in doubt about were referred to Sir Wm. Dawson 
and some others to Mr. J. F. Whiteaves, palaeontologist to the 
Canadian Geological Survey. I wish to express my thanks 
to these gentlemen for their kindness in examining and report- 
ing upon the specimens sent. 

The region examined lies between latitude 52° and 58°, and 
between longitude 116° 15 and 118° 80'. The mountain 
ranges have the usual northwest-southeast trend. Minor val- 
leys lie generally between the ranges, but the more important 
ones are apt to be transverse. The most important river val- 
ley between the Saskatchewan and the headwaters of 
the Athabasca is that of the Brazeau, a tributary of the 
former river. This fine valley, thirty miles northwest of 
the Saskatchewan, forms an excellent natural section fr(»m 
the prairies southwest nearly to the Pacific watershed. 
The Saskatchewan emerges from the main range at hit. 52° 15 , 
long. 116° 18 . Between this point and the Brazeau the foot- 
hills consist f>f grey Laramie shales and sandstones with some 
conglomerates, largely made up of chert pebbles derived from 
the Paheozoic rocks. No fossils were obtained from tliese 
rocks, but seams of coal were observed at the crossing of a 
small tributary of the Saskatchewan, the Atiko-sipi» the 
largest about three feet in thickness. Shaly impure coal was 
observed near a still smaller stream a little southeast of the 
Brazeau gap. 

A few miles to the northeast of the Rockies proper there is 
a discontinuous range of isolated mountains with the usual 
trend. They rise to 7,000 or 8,000 feet, and are of tilted and 
folded rocks, probably Palaeozoic. The Cretaceous foothills 
have in general the same northwest and southeast trend and 
dip of 45° or less to the southwest or the south-southwest that 
are observed in the mountains, with a steep escarpment to- 
ward the northeast. Usually, however, the dip is much gen- 
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tier than 45°, and from the softness of the materials the forms 
of the hills are softened and covered with forest or sod. 

Entering the "gap" of the Hrazeau and following up the 
river to its sources, we pass a succession of "tilted block" 
mountain ranges, seven in all. Our work was confined to the 
left bank of the river. 

The first mountain was wholl}^ of limestone, somewhat fos- 
siliferous. The specimens obtained were poorly preserved, 
but are described bj' Mr. Walker as **a ramose Farosttes, the 
impression of a brachiopod (Proditctns/), and three sections 
of gastropods not in condition for further determination, 
probably Devonian." 

The next mountain climbed, a few miles farther up the 
river, was of highly fossiliferous limestone. A stratum near 
the bottom yielded the following species, as determined by 

Mr. Walker : 

Atrypa reticularis Linn.; several si»ecimens. all of the small variely 
found in the Chemunj? jrroup of the Devonian. 

Spirifepa disjuncta Sowerby. 

Spirifera cyrliniefopmis H. and W. 

Spirifera orestes H. and W. 

Orthis iowensis HAUi. This, in common with some other I)<^vonian 
SfH'cies of ()rthida\ is doubtless only a variety of (). striatula 

SC'HLOTHKIM.* 

Khynohonella castanea Meek; young individual. 

Productus subaculeatus Murch. 

I)iphyi)hyllum (P>idophyllum) strictum K. and FI. 

The corallites are smaller than in eastern specimens, being 
only two lines at the widest, with the usual periodic constric- 
tions. In size and arrangement of interior this species agrees 
with D. simcoense Hillings, but the calieular gemmation is 
distinctly shown. The second, third, fourth and fifth species 
belong, in the east, to the ('hemung group of the Upper De- 
vonian. 

From the next mountain to the southwest only one fossil 
was obtained, a coral, described as follows: 

CVathophyllum, sp. ? Kxternally it presi-nts the HpiM'arance of Cya- 
Ihophyllum (Hlothrophyllum) decorticatum Hillinos, and douhtless it 
belongs to that group. The central an'a, however, has no Hat trans- 
verse diaphragms. The epiiheca is removed, and the outside urea pre- 
sents at irregular intervals the extensions of the arched vesicular plates 
as in Hlothn»phyllum. In cross-section there is th«* typical ap|M'arance 
*CoDt. Can. Pal., toI. i, pt. iii, p. 218. 
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of CvHtliopliylliim, siiiTouiulod by an unoccupied aiva, which a|i;ain is 
surrouiuhnl by th«* cd^cs of the arched, vesicular plales. It is much 
htrj^er than Cyathophyllum athabascense Wiiiteavks, but appears to be 
closely related to it. 

The next mountain up the Brazeau forms a sharp ridge of 
limestone with a little slate, dipping 40 degrees to the south- 
west. The fossils collected are all Upper Devonian, as deter- 
mined by Mr. Walker: 

Spirifera disjuncta Sowekby; lon^f-winged variety. 

Strophomena rhomboidalis Wilckins. 

Streptelasma n'ctum Hall. 

Fenestella sp. 

The next ridge has a gentler slope and consists of yellowish 
brown clay slate, partially covered by a thick bed of rough 
cherty limestone. No fossils were found. 

Then follows a small group of mountains just southwest of 
Brazeau lake, having a dip of 28° to tiie northeast, the reverse 
of the usual tilt in the region. The rocks observed are some- 
times or)litic limestones, but often they appear to be con- 
glomerate beds, containing tiiin, shaly pebbles and cemented 
by more ferruginous material which weathers yellow. Weath- 
ered surfaces often present a marked concretionary structure 
and form shell-like hemispheres, from a few inches to a foot 
or more in diameter. The chief fossils observed are trilobites, 
Mr. Walker describing the specimens brought back as "sev- 
eral small slabs covered with glabelhe of a Proetiis closely 
allied to P. nevad(v Hall, of the Devonian." 

Near the foot of this mountain a cut bank of shale beside 
the north fork of the Brazeau is quite fossiliferous and is ap- 
parently a small outlier of the Cretaceous. Specimens of 
plant remains from this place, which were submitted to Sir 
Wm. Dawson, proved too fragmentary for determination. 
Mixed with them he found some scales of animal origin, 
probably remains of fishes and arthropods. Of some brachio- 
pods from the same place, sent to Ottawa, Mr. Whiteaves re- 
marks: 

The three specimens from Cut Hank (Camp IS) contain, as you say, a 
small IJn^ula. but 1 am not sure by any means what Lin^rula it is. 
Taken in connection with your statement that the sp«'cimfns occur with 
fossil plants, it seems not at all unlikely' that they belonjr to the Koota- 
nie series of Sir William Dawson. 

At the headwaters of tiie soutii fork of the Brazeau, a moun- 
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tain more than 10,000 feet high consists of limestone, oolitic 
in part, with a dip of 30° to the southwest. Beneath the 
limestone^ in the valley, thick beds of flesh-colored qiiartzitic 
sandstones and conglomerates crop out. No fossils were ob- 
tained either from the limestones or sandstones. 

Two passes were traversed between the Brazeau and the 
Kooetnay plains on the Saskatchewan, an eastern one follow- 
ing up Job's creek and down Rock creek, and a western one 
along Cataract river. Along the former pass there were 
mountains of limestone with some slate, tilted 45°-50° to the 
southwest. Reddish quartzite crops out in the lower part 
of the Rock creek valle}'. Some of the tilted mountains to 
the southwest of the pass have folded foothills in front. 
Corals were collected at the summit of the pass, but by acci- 
dent were lost. 

Southwest of the Cataract pass several mountains are but 
slightly tilted and take on cathedral shapes. The rock ob- 
served is chiefly pink or purplish quartzite, often with trans- 
verse bedding. 

Near the head of Cataract river is a small sheet of water 
which we named Pinto lake. The rocks surrounding it are 
chiefly limestone ; and from Plateau mountain, just west of 
it, numerous fossils were obtained, which have been deter- 
mined by Mr. Walker as follows : 

Atrypa n'ticularis: s**v«»ral siM'cimens. mostly above th«« avt'rajr<* si/e. 

Ph'uro torn aria? 

Diphyphylliim arundinacciim Hillinos. In the size of the corallites 
and the manner of gemmation th»^se spi^cimens ajrree with I), anindi- 
naceum. They may be only a larjrer variety of I), stramineum Hil- 
i.iN(js; and, if so, one of the many varieties included by Komiiijr«'r un- 
der Diphyphyllum (Erid«)phyilum) simcoense liiLLixos. 

Pachyphyllum wtHKlmani Whitk: one very [MTfect siM'cinien. 

Slab with w^atluTed branches of Trematoixjra, etc. 

P. wooilmani indicat**s that the rock is Upper Devonian. 

Near the ford of the Saskatchewan on the Kooteniiy plains, 
and not far from the left bank of the river, a mountain form- 
ing a sharp anticlinal fold was ascended and named Triangle 
peak. Mr. Walker determines the fossils found there as: 

Spirih'ra disjuneta Sowkkbv: srvrral sprrinn'iis. witli lln* usual va- 
riations in sha|H'. 

Athyris (cf. A . eora Hall). Tii** l"«*\v siwcinniis an* all so fxfoliatrd 
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that th«' exterior characters cannot be det»"rmined. They are lar«rer 
than those illustrated b.v Hall. 

Part of a valve of a Prodiictus, showin«^ numerous spines. 

Cast of a Hellerophon. 

Zaphrentis prolifica HiLLixcis: a sinirle sfwcimen. 

Syrin«?oi)ora perelejrans Himjnos. 

These are all from th«' l'p|M»r I)«'vonian. The first is found in the 
slate of New Y<irl\ oidy in the C'hemun«j: jjroup: but else\vh«'n' it ranjr»*s 
from th<' Middle to tin* UpiM'r Devonian, inclusive. Tin* next to th*- 
last siMH'ies is found in the east in the I'pjM'r Helderbt-r;? and Hamilton 
•groups. The last api>ears to be confined to tin* rpjx'r Helderber^ in tin* 
east, but Walcott slates that in Nevada it is found throughout thf 
whole l)ev»)nian s«'ries.* 

Turning northwest from the headwaters of the Brazeau, we 

find along Jonas pass steep quartzite mountains dipping in 

the usual way; and the same continue along the right bank 

of the Sun-wapta, the eastern branch of the Athabasca, and 

more or less along the main river as far as to Athabasca faUs, 

a distance of about fifty miles. Above the mouth of Jonas 

creek, on the west bank of the Sun-wapt«, a mountain rising 

above 10,000 feet is of limestone. 

Southwest of the Sun-wapta and of the Athabasca below 
the junction of the former river, the mountains no longer have 
the regularity observed in the northeastern portion of the 
Rockies. The subordinate ranges lose the uniform northwest 
and southeast trend so characteristic farther east. The river 
valleys can no longer be divided into two sharply defined di- 
rections, one parallel to the strike of the tilted blocks and the 
other transverse to it. Many of the mountains, such as For- 
tress and Quincy, near Fortress lake, are of the castellated or 
cathedral type with nearly horizontal strata and very steep 
walls, the result of erosion. The rocks observed east and 
north of Fortress lake are purplish quartzites and quartzitic 
conglomerates South of the lake, along Misty creek, bluish 
grey limestones with yellowish streaks occur, and the strata 
dip toward the south, while the mountains present a bold front 
northward. 

Misty mountain, 10,000 feet, in hit. 52^ 20 , long. 118°, con- 
sists chieti}' of limestones showing bluish grc}- and yellowish 
bands or concretions. The moraine of a glacier descending 

♦r. S. (i«M)|. Survi-y. Moiioi^raph viii. 1HH4. Paleontoloiry of tln'Kureka 
District, p. .'». 
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from its flunks consists of a variety of rocks, including lime- 
stones, sometimes containing chert, sometimes oOlitic, and at 
times having curious concretionary structures; greenish 
slate: and black shales with white veins of quartz or calcite, 
the latter often satin spar of the fibrous variety. A few fos- 
sils obtained from moraine blocks were examined b}' Mr. 

Whiteaves, who writes: 

<)!!»♦ of iht' s|M'cim<*ns contains numerous valv»'s of a six'ci«'s of Obo- 
1<*11h, witli,frai|frmt'ntarv iK>rtions of a trilobitt*, probably ONmioIIus. Tb»' 
other contains an imperfect triIobil»'. possit)ly Ptveboparia. These 
jfive me rather the impression of belonjrin^' to the Lower Cambrian (»r 
Olenellus zone. 

Along the Athabasca below the falls and near the mouth of 
the Miette, slates crop out, dipping at one point 45° to the 
southwest, and at a;iother nearly vcrticall3\ with an east and 
west strike. These slates and some obscure schistose rocks 
appear to underlie somewhat metamorphosed conglomerates 
with interbedded chloritic layers. In the conglomerate angu- 
lar fragments of slat« are sometimes included. Along the 
lower portion of the Miette, which enters the Athabasca from 
the west, nearly vertical beds of somewhat metamorphosed 
conglomerate form the prevailing rocks. 

Ascending Whirlpool river from the Athabasca, the rocks 
for a few miles up are quartzites and conglomerates, both 
showing scales of mica. The mountains have the usual tilt 
for the greater part, though a few present nearly horizontal 
strata. Fifteen or twenty miles up the river the mountains 
show fine examples of folds and the rock changes to limestone 
with some slate. Near the summit of the pass dark grey 
slates appear, along with shiny, wrinkled sericite schist. On 
Mt. Brown the rock observed was chiefly slate with a shim- 
mer of sericite?, some specimens containing cubes of pyrite. 
At the Committee's Punch-bowl, the summit of Athabasca 
pass, the prevailing rocks, chiefly boulders, are slates and 
quartzitic sandstones. The schistose rocks of this pass are 
evidently of metamorphic origin, modified sediments, by no 
means perfectly crystalline. They resemble somewhat the seri- 
cite schists of the Columbia valley, near Siir|)ris(» rapids and 
lake Kimbasket. Thev are the onlv schistose rocks which I 
have observed in the Canadian Rocky mountains. Kruptives 
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do not, so far as I have observed, occur at all, and the schis- 
tose rocks are not found east of long. 1 18°. 

Comparing our observations with the admirable work of 
Mr. McConnell in Bow pass, we may conclude that the chief 
fossiliferous beds observed. Upper Devonian according to Mr. 
Walker's determination of the fossils, correspond to the Banif 
limestone of Bow pass, there considered Lower Carboniferous 
or Upper Devonian. The species of fossils referred to by 
McConnell, **a Ithipichonella like Bockn-Montand^ another 
like R. mefallica, AtrtjjKi refic(fhiris, a SpiriJ'era like S, ivhif- 
iieyi^ also species of A fht/ris, Profluctns^ Licha.s, Kridophyllumy 
and Diphyp/iyUarit,*-* are in general like those obtained along 
the Brazeau and neighboring streams, but they do not appear 
to agree very closely. Whether the oOlitic limestones found 
at several points in our region correspond to McConnell's 
Castle Mountain group, which is Cambrian, f cannot be settled 
until fossils are found. The only instance where fossils do 
occur, not in the oOlite but near by, is near Brazeau lake, 
about 8,000 feet above the sea level, where a Procff/s closely 
allied to P, nevadw is found, probably Devonian. 

McConnell describes the shales associated with the Banif 
limestone as passing into sandstones and quartzites. Whether 
the thousands of feet of similar rocks observed by us, forming 
independent mountain ranges, as along the Sun-wapta, or un- 
derlying the limestones in other parts, are of the same age, it 
is impossible to say. 

We found no equivalent of McConnelTs Halysites beds.* 
The structural features described by McConnell in Bow pass 
correspond in general to those along the Brazeau, but of 
course details are entirely different. 

It will be of much interest to compare the rc^gion described 
in this paper with that along Howse pass traversed by Mc- 
Connell in 1892. His work will doubtless atford material for 
connecting and completing our fragmentary investigations. 

A brief reference should be made to tiie superlicial geology 
of the region traversed. Kvideiice of glacial action is wide- 

♦(it'ol. Siir. Caiiad.-i. Animal I{«|Mirl. inw s< rits. \o|. ii. lor 1S.S(>. p. 

n> I). 

\\Wu\.. i-p. 'l\-'l\) I). 
tll>i<l.. p. 'l\. 
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spread in the shape of moraines, lakes dammed with loose 
materials, polished and striated rock surfaces. In fact the 
lee age still exists in a shrunken condition in the hundreds, 
perhaps even thousands, of glaciers to be found on the higher 
summits. A score may often be observed from a single point, 
e. g., any summit along the Sun-wapta. A glacier traversed 
by us on Misty mountain is nearly three miles in length, with 
a magnificent ice fall. Many others are much longer and 
larger than this, especially east and west of Fortress lake; 
but all appear to be shrinking, as proved, in some instances, 
by a series of terminal moraines below the present ice foot, 
the lowest tree-covered, the higher ones still bare. The low- 
est level of permanent ice observed was at the foot of a large 
glacier which comes down to the level of the valley, 4,400 
feet, on Whirlpool river near the summit of the Athabasca 
pass. 

Since the retreat of the ice from the lower levels there has 
not been time, e. g. along the Brazeau, for the formation of 
very high terraces, though most of the river valleys show 
traces of terracing. North of the Saskatchewan nothing at 
all like the fine terraces of Bow river was observed. The 
many lakes, ranging in size from Fortress lake, eight miles 
long, to mere ponds, indicate also a comparatively recent re- 
treat of the ice. The wearing away of a small amount of 
rock would drain Brazeau lake, which is separated from a 
violent rapid by only a few feet of quartzite. The fine water- 
falls of the Sun-wapta and Athabasca have cut their way 
back through caflons, sharp-walled but only a few hundred 
yards long, indicating only a short period of action under 
present conditions. 

To sum up the geological features of the region examined, 
we may describe the southeastern portion, well displayed 
along the Brazeau river, as consisting of a series of seven or 
more minor ranges, each striking northwest and southeast, 
and tilted 25°-45" toward the coast line of the Pacific. These 
blocks, consisting of thousands of feet of quartzite and con- 
glomerate, often overlain by thousands of feet of Devonian 
limestones, appear to have been thrown into their present 
attitudes by a series of reversed faults, as described by Me- 
Connell in Bow pass. The rare folds observed in this portion 
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of the inounttiins perhaps represent the dying out of such 
faults. Though no Cretaceous roeks have been proved to 
overlie tlie Devonian strata, it is probable that the faulting 
which produced the mountains took place since Cretaceous 
times, for the foothills of Laramie sandstones give evidence 
of parallel faulting and tilting. 

On approaching the watershed of the Rockies west and 
northwest of the region just referred to, the regularity of 
structure largely disappears. The direction and amount of 
dip vary, folds are not uncommon, and the rocks become 
more or less micaceous and metamorphosed ; slates and seri- 
eite schists underlie the quartzites and conglomerates; and 
fossiliferous beds were* not observed. The apparent absence 
of eruptive km plutonic rocks is a feature worthy of note in a 
region where faulting has taken place on so huge a scale. 

The evidence of the action of Dr. George M. Dawson's Cor- 
dilleran ice mass is distinct ; the time which has elapsed 
since the Ice age has been comparatively short; and the innu- 
merable glaciers of the region represent the shrinking rem- 
nants of the ice-sheet. 



NOTES ON THE GEOLOGYOF THE COAST RANGES 

OF CALIFORNIA. 

By H. \\. TiRNER and T. W. Stanton, of the U. S. (Jcological Sur\ey. 

The following fragmentary notes were made some \'ears 
ago during the investigation of the quicksilver deposits of 
the Pacific slope by the U. S. Geological Survey. With the 
exception of those given in the notes on Yoh) county, all the 
determinations of the fossils have been made by Mr. T. W. 
Stanton, of Washington, I). C. 

The ('hk'o-Te.ion sfiuks. 

It was stated by Prof. Whitney and Dr. (iabb that the up- 
per Cretaceous (Chico) beds of California and the T^jon beds 
(now known to be Eocene) are conformable; and Dr. Gabb 
gives a list of species of mollusks said to be common to the 
two formations. In 1S82 Prof. Angclo Heilprin* published a 
review of (iabb's work in a paper, "On the age of the Tejon 
rocks of California and the occurrence of ammonitic remains 



♦Pn»c. IMiilu. .\cad. Sci., ISH'J. pp. liMJ-ill. 
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in Tertiary deposits," in which he showed that there is con- 
siderable doubt as to some species given in Gabb's list being 
found in both the Chico and the T^jon formations. Mr. G. 
F. Becker* confirmed the work of Whitney and (xabb, as did 
also Iat<?r Dr. C A. White. However, neither Mr. Becker's 
part}^ nor Dr. W^hite found any fossils common to the two 
formations. Lately Mr. J. S. Diller and Mr. Stanton have 
found evidence of the unconformity of the Tejon on the Ghico 
in Oregon and northern Galifornia. A doubt therefore arises 
as to whether the conformity of the Ghico and the Tpjon in 
central California is real or only apparent. 

The most important paper supporting the position of Dr. 
Gabb is that by Dr. ('. A. White.f The locality visited by 
Dr. White, where the conformity seems best shown is New 
Idria, in Fresno county, concerning which he writers as follows : 

Although this New Idria s^rii's is uiulorstLXMl to br practically an un- 
brokt'n on**, ihi're is nt'ar its middU* a n'cojirnizabh* chanjre in thf asjM^ct 
of the strata, so that * ♦ ♦ ♦ th<* upi>er half ditftTs from thi' low«»r 
half. It is ui)on this indistinctly definable horizon that Dr. Hrckcr di- 
vid<*d th»* sprites into two jrroups, for llu* iniriK)s»* of arran^in^ thfresults 
of his studit'S of thorn. So far as can b«» dot»*rmin«'d. this indistinct lint* 
accords with th«' noct*ssarilv artificial division that has been madt* of 
the series into the Chico and the Tejon groups, since this series is rec- 
o>rnized as containing only these two )tr roups, and the line of demarca- 
tion b**tween them, as before shown, cannot be ««xpected to be distinct. 
Fossils were collected by Dr. Becker's party from various horizons in 
the .series, but in a larjre iK)rtion of it none were found, and those from 
the lower or Chico iH)rtion are very few. These latter, however, are of 
characteristic ty|x's, bein^ sjiecies of AmimmittM, BamUttK. TrigonUi, 
I/itpeenimuM, Aud IJma. It is profwr to mention that in this New Idria 
series of strata no commin«rlinjr of the CretaciH)us sfM'cies above refern-d 
to with Terliarv tviM'S of fossils was actually observed; but verv few 
fossils of any kind were obtained at this locality, especially in the lower 
IH)rtion of the series. Still the intimate relation of the Chico and Te- 
jon jjroups for this particular locality is w»*ll shown by tin* unbroken 
character of the s<'ri<'s of strata which lu*n' constitutes b<»th jrroups. 

The Chico strata at New Idria, as measured on the ridge 
west of San Carlos creek, have nn average dipj of about 45*^- 

♦Hull. I'. S. (J.'ol. Survey, No. IJ). 
Illull. r. S. (i.-ol. Survrv. No. 1."). 

• 

jThe Chico ImmIs in this section n«'ar iIh* contact with \hr nietanior- 
phic rocks to the s<iuth dip at hii^h an«/<rs \ar>im: from^UF-lMP. antl iln' 
dip irradually becomes h'ss ;roin«r north, away from tin* nn'taniorphic 
area and upward in the ;r«M)l(»irical horizon. N«'ar th«- contact with tin* 
Tejon sandstones tin* dip is :jo^-l."i^. 
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50'^ to the north and a vertical thickness of about 5,000 feet. 
The thickness of the Tejon strata cannot be less than 1,000 
feet and is probably much more. The lower portion of the 
Tejon beds consists of white sandstones, sometimes much red- 
dened by iron oxide, and overlying the sandstone is a consid- 
erable body of white shale. This shale is beautifully exposed 
on the north side of a canyon which extends in an approxi- 
mately east and west direction, draining westerly into San 
Carlos creek. This east and west canyon was named l)e los 
Reyes canyon. 

The (,'hico strata contain some conglomerate at the base of 
the series, the pebbles of which are of various rocks, quartz- 
porphyry pebbles being abundant. We did not det<^ct this 
rock in place, however, in the area of older rocks to the south.* 
There are also some dark shales with limestone nodules in 
San Carlos creek above the New Idria P. O. ; but tawny sand- 
stones comprise the bulk of the Chico strata at New Idria, 
and the line of contact of these tawny sandstones with the 
overlying white sandstones was used as the line of demarca- 
tion between the Chico and Tejon formations on the geologi- 
cal mapf of the New Idria district. The only determinable 
fossils in the Chico beds, however, came from near the base of 
the series, as stated in the quotation from Dr. White. The 
line of division is therefore an arbitrary one, but it is certain 
that the white sandstone is of Tejon age, since it contains 
characteristic fossils. As stated by Mr. Becker and Dr. White, 
the Chico and Tejon strata at New Idria are apparently con- 
formable, and this is likewise the case at Mount Diablo.^ 

The following lists of fossils, collected chietiy by H. W. 
Turner, will aid the future student of the Chico-Tejon series 
there. All of them are from Tejon strata, overlying with ap- 
parent conformit}' the Chico series: 

]}e fo.s I?et/('s ('((Hijo/f. — This drains into the can von of San 
Carlos creek from the east at a point one mile north, by com- 

*Th<' abimdaiKM' (»f ^luarl/.-porpliyry or «|uart/-|M)rph> riU' prhhlrs in 
iIh' (•(Hiirlnnioral** nf th«> Chico formation at Ni'W Idria and at Mount I)ia- 
l)lo. and in tin* Knowillr brds at Knoxvillr. is ratln-r rt-niarkablr. inas- 
much as no <|uart/-|M>ri>hN r\ was found in placr in th«- ar«'as of ohl^r 
rocks at anv of tln'sr jMiints. 

^Athis accom|>an\ in;: monoirraph XIII. l'. S. (irol. Surv»'>. 

|l»ull. (irol. Soc. Am., vol. II: H. W. Turner's pap<T on Mt. Diablo. 
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puss, from the New Idria Post Office. At tiie time that the 
fossils were eolleeted (1884) a Mexican named I)e los Reyes 
lived at the mouth of the canyon, and his name was given to 
the canvon for use in notes. 

Localities l(K)-l(l.') Coast Kati^o collection. These an* all in'ar tojjether 
on the north sidt* of l)e los Keves canyon, about 4,8(K) feet n(»rtheast of 
the mouth. 

Ostrea idriaensis (iabb. Amauropsis alveata (Cox.). 

Neverita jrlobosa (iABB. C'ardium. undet. cast. 

Uimella canilifera Gabb. Cardium cooperi (»abb. 

Cylichna costata (Jabb. Turritella, frajrment. 

Morio(Sconsia) tuberculatus Meretri.x uvasana Con. 

Gabb. 
Locality HJTC. K. is about one mile uf) stri-am from the mouth of the 
cnnvon. The san<lstone bhitf here on the riort.h side has curiously 
ennled cayities, some of which are inhabited by little t)wls. 
Amauropsis alyeata (Cox.). M<»retri.\ uyasana Cox. 
Localities 170 and 171 C. U. are about one and two-thirds miles up 
stream from the mouth of I)e los Keyes creek, and about two and a half 
miles northeast of the New Idria P. (). The fossils were collected by 
W. A. Kaborjr. 

Neyerita ^'!obt»sa (iABB. Cylichna costata (Jabb. 

Amauropsis alyeata (Cox.). Mactra sp. un(h*t. 

Cardium C(K»iM'ri (iABB. Himella canilifera (iABB. 

Just north of Dc los Reyes canyon is another canyon ex- 
tending likewise in an easterly to westerly direction. This 
joins San Carlos creek at a point about 1,600 feet north of the 

mouth of I)e los Reyes creek. 

Localities KM), l(i8 and UWl C. U. coll.. are all clo.se tojrether in this 
canyon and are about 4,500 fe«'t up stream (east) from the mouth, and 
about twt) and a third miles N. *i.")° K. from the New Idria post ottice. 
The strata here dip '2(P-:MP toward about N. :)0o W. 

Ostrea idriaensis (iABB. Mmliola ornata (iABi*. 

Pecten interradiHta (iABB. Lucina? creiacea (iABB. 

About one and a half miles northeast of the New Idria P. 
.O., and about 8,r)00 feet west of San Carlos creek, is a bed of 
dark flinty shale in the Tcjon formation. This weathers to 
a but!* color. It contains abundant fish scales and spines, and 
one nearly perfect fish about three or four inches long was 
obtained. This is now in the collection of the State Univer- 
sity at Berkeley, Cal. Dark shales, not so much hardened as 
at the above locality, occur along San Carlos creek farther to 
the north, also containing abundant fish scales. Ncuie of 
these fish beds haye as yet been investigatetl. 



96 The American Geologist, August, 18M 

About three miles northwesterly from the New Idria P. O. 
is a coal bed which has been prospected for coal ])y means of 
a tunnel. The following fossils, collected within fifty feet of 
the coal seam, show tlie coal to bo of the same age as;tt Mount 
Diablo, namely, Tejon. 

Solen (Hypogella) diegoensis Small lamellibranch, undet. 
Gabb. Neverita, sp. undet. 

The following fossil localities are grouped according to 
counties : 

FUKSNO (DrXTY. 

Oiitsid** of tht' X«'\v Idria fossil lorahtirs, whicli an* lik»'\visf in Fn*siio 
county, tho following an* <rivrii: 

Locality 18<K'. K. Tw»*lv<' mil»*s north of N«'w hlria. on San Carlos 
creek. A^<s Chico. 

Baculitt's ehicocnsis Thask. Corbula. 

P(*ctfn. Nucula. 

liOCality 187, ('. U. Uijr Panorln* cre«'k, I'asl of th«' mouth of San Car- 
los cnH'k. and just wlu*n' tli<^ cr«'»»k loaves tin* hills and cnti'rs tin* plains 
(►r thi* San .)oa()uin valh'.y. Ai;**, probably latrr than Tejon. 
Pectfn, sp. undet. Fish scah's. 

IVntalina and oth(*r foraminifora. 
I/ociilitv 181). C. K. \\\ a cn*(*k ciilh*d Drv .Vrrovo on Whitn*'v*s six 
miles to tin* inch map. This crt*«'k runs parallel to San Carlos creek 
and about two tt» three miles east of it. The locality is six miles «*ast t>f 
n(»rth from New Idria. Miocene or lat«*r. 
Nucula. probably X. castrensis Hinds. 

San Benito county. 
Ix)calily 178, C. K. On the ridjre between San Hartola creek and the 
San Benito river, and ten miles southwest of New Idria. .\jre, probably 
Miocene. 

Area. Mactra. 

The same strata are e.\fM)sed on San Uartola creek. 
Locality !!»,*). C. K. San Benito river, near the 41)th mile post from 
HoUister. and about twelve miles south of west from New Idria. Chico 
irrouj). 

Corallio<-hama orcutti Wiiitk'.' W»*athered frairments. probably 
«*f this species. P«*ctuiuulus Neatchi (i.\Bii? 

Locality IIKJ. C. I{. West hank of the San Benito river, near the H7th 
mile |M)st from Hollistrr. and about four miles southeast of San Benito. 
Oushed «*ehinoid. probably Mioeene or later. 
JAK'alitv 200. C. U. In heavv bedded sandstoni* on tin- San B«*nito 
ri\«'r. about on«'-rourili mil«* down sir»*am from the Park mills. .\ire. 
.Mioeeni* or lat»'r. 

Sr\ili'lla-lik«* ••cliinnid. 

SoNo.MA col NTV. 
L«M-alit\ ;tI{lM '. B. ( )ii tlit> s(>acoast. :il>out four mil»-s imrth of 'l'imb»*r 
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Cove, is a bed of cc>n;;lom«Tat«' f(>rmin<r part of the Wallala beds* (Cre- 
taceous). In this conglomerate was found a TnrrittUn that may belonjr 
to T. seriatim->rranulala (rABiMnot Uokmeu). 

Lake county. 

Locality :{58, C. H. About seven miles northeast of Mt. St. Helena 
and about two miles southwest of Round Valley, near a branch of Buck- 
snort creek, is a small area of little alt«»re<l beds, which contain |HM»rly 
pre.s<»rved fossils. Mr. Stanton considers the becis of Cretaceous ajre, 
but is uncertain as to the e.vact horizon. 

Mactra (Cymboph(>ra) ashbur- Helicoceras breweri (iABB ? 

neri (lABB ? Amm<inites, a fra.irment of a 

Caryalis nitida (iABB ? youn^' siM'cimen. |Mwsibly A. 

Solemya ? sp. undet. breweri (J abb. 

Localitv 35, C. |{. S;)ulh side of Cache creek, about one mile east of 
]..ower Lake villaj^e. 

Crassatella uvasana Cox bad Leda. sp. undei. 

(Tejon group). Natica, sp. undet. 

The followin);? nre from the same .series of beds as JC) C. K., and are 
from Herndon creek, near Lower I^ake: 

CucuIlH»a mathewsonii (iabb. Turritella ? 

C'rassatella. sp. undet. 

Yolo county. 

Along Oat creek, just west of the alluvium of the Sacra- 
mento valley, are a series of low hills, composed of little 
consolidated material, which are interesting since they contain 
vertebrate remains and other fossils. The locality is near 
Black's station on the railroad to Cohisa. The place was vis- 
ited by the writer some years since and some of the fossils 
collected. An elk antler three and one-third feet in length, 
pine cones, decomposed wood of more than one sort, a tooth, 
and some shells, were found in place. 

The shells were referred to Dr. W. II. Dall, of Washington, 
D. C, who reported upon them as follows: 

The fossils from Oat creek, Yolo county. California, comprise: 
Planorbis irivolvis Say. I^lanorbis parvus Say. 

Anodonta sp. V: fraj^ments, probably A. fluviatilis I... 
They are not charAclerislic of age; might be anything from Pliocene 
to Recent, and are all found living in the same r«*gion. 

In the higher hills west of these early Pleist(>cene strata, 
silicified wood and fossil bones are said to occur. A large 
tooth and some large bones, probably of a mastodon, were 
found in the bed of Oat creek; but whether they came from 

♦Hull. 22. r. S. (ieol. Survev. 
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the low Pleistocene hiljs or from the probably Pliocene hills 
containing silicified wood, was not determined. 

Fossil bones are also said to occur along Bird creek, north 
of Oat creek and to the west of Diinnigan's station. 



GROWTH OF KNOWLEDGE CONCERNING THE 

TEXAS CRETACEOUS. 

By JiLEs Marcol", Cambridge, Mass. 

In a paper by Mr. R. T. Hill entitled '<ieology of parts of 
Texas, Indian Territory and Arkansas adjacent to Red River" 
(Bull, GeoL Sot'. America, vol. 5, pp. 207-Ji38, Rochester, May, 
1894), there is an attempt to show *'the progressive evolution 
of knowledge concerning the Cretaceous formation of Texas," 
and at the same time the author giv^s what he calls his 
"final classification of their succession and nomenclature" (p. 
316) in a table called '^Progressive Development of Knowl- 
edge of the Texas Cretaceous" (p. JUT). 

The views expressed b}^ Mr. Hill need many corrections, ad- 
ditions and suppressions to show truly with exactness the 
evolution of knowledge of Texas Cretaceous. I have elsewhere 
given repeatedly my appreciation of the work done by Mr. 
Hill in Texas and Arkansas; that he means well, there is no 
doubt; that he has the talent to make good stratigraphical 
observations is undeniable; but somehow he does not always 
give credit where credit is due, and is inclined too often to 
pass unnoticed over the observations and criticisms which in- 
terfere more or less with his preconceived views. Mr. Hill is 
generally obscure and unsteady in his descriptions, conclu- 
sions and classifications, seeming to have no conception of 
different ./'a r^'t'.s for the same group of rocks, which leads him 
to create subdivisions neither wanted nor truly real. With 
these reserves and remarks I will point out the corrections 
and additions necessary to show the evolution of knowledge 
of Texas ('retaceous. 

Ferdinand R(Kjmer is the first geologist who worked at 
Texas geology. He came into Texas at the end of 1(S45. dur- 
ing the month of December, and left it in April, 1847. In 1849 
he published his volume of traveJ (Texas, 8vo, Bonn ). con- 
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taining a chapter "Gesteine der Kreideforniation/YpP- '^78- 
387, and a ''Geognostische Karte von Texas" ; and in 1852 he 
completed his* publication by the issue of a (juarto volume, 
Die Kreidebildungen von Textts uiul ihre orffoninrhen Kinsch- 
lihse^ Bonn. On page 25 of the last work he gives his conclu- 
sions and general section of the Cretaceous strata of Texas as 
follows: (1) The Cretaceous formation is composed exclu- 
sively of limestone. (2) In the plains at the foot of the 
Texas plateaus the Cretaceous strata are composed of white 
limestone, more or less marly, of small thickness; while on 
the plateaus the rocks are very thick, hard limestone, alter- 
nating with beds of silex and marls. (3) The Cretaceous of 
Texas belongs in totality to the deposits posterior to the 
Gault and corresponds to the White chalk (etage Senonien, 
d'Orbigny) and the upper part of the Chloritie rhalk (etage 
Turonien, d'Orbigny). 

Roemer does not seem to have seen anywhere the superpo- 
sition of his two groups of Cretacerius rocks, called b}' him 
Cretaceous of the plains (the Cretaceous at foot of highlands, 
of Hill) and Cretaceous of the plateaus (Cretaceous of high- 
lands, of Hill), although he inclined toward the idea* that the 
chalk of the plains is older than the chalk of the plateaus, a 
rather grave error. On his geological map Koemer colors, as 
Cretaceous, paj-ts of Texas which do not contain C*retaceous 
rocks, but are covered by the Carb<jniferous. the Dyas, the 
Trias, and the Jo ra ; the three last great formations having 
entirely c^scaped his researches. 

In I8a2, Dr. G. G. Shumard accompanied, as a surgeon and 
naturalist, Capt. R. B. Marcy. in an -Exploration of the Red 
river of Louisiana." He repeated the conclusions of R/x^mer 
in regard the Cretaceous formation of Texas, referring it Up 
the Etatjt Sl'Hottitu d'Orbigny. 

In 1853. I explored the 35th parallel of latitude, with Lieut. 
A- W. Whipple* -i expediti^m. for a Pacific railroad ^urv^-v. 
In my two report??, printed in 1855, and dated July and .^^p. 
tember 18^4. in Hou^^e IXK-ument?- \ti*. Wa^hingf^m. 1 r#-<-ojjr. 
nixed the Neocomian at < omel creek. Fort Wa*hita. and **ii 
the Elm fork <»f the Trinity river. *howini: for the fir-^t tifu<- 
in North Amenca the existence ♦•f lijtr Lower < r*-taff-v»u» a* 
in Eun*f»e. 1 d^-vel^jKrd my "b-iervati'^n* and pubii-h^-d *^\. 
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eral Cretaceous fossils, with tiieir exact position in tiie strat- 
igraphical scale, and also a general geological map, besides 
a detailed geological map of a part of New Mexico and the 
^'panhandle'' of northwestern Texas, in my (juarto volume, ^/eo/- 
(Hjij of Sortli America (Zurich, Switzerland, 1858). These 
are my conclusions : *'I have seen and studied the strata of 
the Upper Greensand and the Marly C-halk in the bed of Lit- 
tie river, one of the attluents of the Canadian, and also on the 
Elm fork of Trinity river; further, I have recognized the 
Neocomian resting in discordant stratification on the New 
Red sandstone on the left bank of the False Washita, near 
Comet creek; and, finally, I have found in the beds of white 
sandstone and gray marl of the environs of Albuquerque and 
Galisteo, New Mexico, fossils that have led me to consider 
those strata as the equivalents of the White chalk of Europe." 
In my paper: *'Ri^8ume explicatif d'une Carte geologique des 
Etats-Unis et des Provinces anglaise de TAmerique du Nord" 
( liiilL Soc. (ieol. France, 2d series, vol. xn, p. S83, Paris, May, 
1855), 1 gave a long description of the Cretaceous of Texas, 
with lists of fossils and correlations with the great European 
formations of(l) the Neocomian, (2) the Greensand and 
Marly chalk, and (3) the White chalk. That classification 
and discovery was a great step toward a rational and exact 
definition of the Cretaceous rocks of Texas, a^d it gave posi- 
tive knowledge instead of the very vague and erroneous gen- 
eralities of Roemer. 

But my observations, instead of being accepted and used 
for further improvement of our knowledge of the Texas Cre- 
taceous, were on the contrary opposed systematically; and 
the first geological survey of Texas, instituted in August, 
1858, under the direction of Dr. Benjamin F. Shumard, pro- 
posed, in 1860, a classification of the Cretaceous strata of 
Texas, so extraordinarily erroneous that it became a matter 
of duty to science to criticise and rearrange the section given 
by Shumard as the standard of the classification of Texas 
Cretaceous. I did it in 1S61, under the title, ''Notes on the 
Cretaceous and Carboniferous rocks of Texas" ( Proc, 'Boston 
Soc. Nat. Hist., vol. viii, pp. 86-97). 

In Mr. HilTs table, my classification of 1853-58 is passed 
over entirel}', and I am placed after Dr. Shumard's work of 
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1860, just as though what I had done several years before Dr. 
Shumard came to Texas did not exist. My answer to Shum- 
ard was only in order to maintain my classification and dis- 
coveries of 1853, and to try to put a little order in one of the 
most confused and erroneous sections of strata ever published. 

I shall not refer to the geological report of the United 
States and Mexican Boundary commission, in which Mr. 
James Hall declared that the entire Cretaceous strata of 
Texas were the prolongation and representatives of his Ne- 
braska section Nos. 1, 2 and 3, that is, the Dakota, Fort Ben- 
ton and Niobrara formations. 

In 1886 Mr. Hill began to classify the strata of a part of 
Texas, between Fredericksburg, Austin, and the southwestern 
side of Arkansas. I was glad to see that he did not fall into 
the great mistakes made by Roemer, the two Shumards, and 
James Hall. His report on "The Neozoic geology of south- 
western Arkansas," published in 1888, showed me that he 
mistook the division called by him Trinity, as belonging to 
the Cretaceous, when it is plainly a Jurassic group of strata, 
containing a Jurassic fauna, without any mixture whatever of 
Oetaceous forms. I revised his whole list of fossils and 
proved that his Trinity division of Texas and Arkansas be- 
longs to the Jura (''Jura, Neocomian, and Chalk of Arkansas,'' 
in the American Geologist, Dec, 1889, pp. 357-367). Mr. Hill 
has never paid any attention to my paper; and, without tak- 
ing the trouble to refute my determination of his fossils, he 
has continued to place his Trinity division in the Lower Cre- 
taceous. Not knowing personally any part of Texas except 
the northwest corner of the state, I was inclined at first to ac- 
cept the classification and synchronism of Mr. Hill, believing 
that he possessed sufficient ability to give with exactness all 
the details of the formation. Only I was badly impressed by 
his frequent changes for the subdivisions of the I^)wer Creta- 
ceous, and thought that he had placed too high the horizon of 
what I have called "the Gryphcua pitcheri zone or limestone of 
Comet creek," which for me is, with the '*Caprina limestone,'* 
the lowest bed of the Neocomian or Lower Cretaceous of 
Texas. 

Now I have no doubt that he has made serious mistakes in 
regard to half of his Lower Cretaceous or Comanche series^ 
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as he sometinies calls it. The "Caprina limestone'' cannot be 
separated from the "'GryptHva pitvheri limestone" at Comet 
creek and is the basal bed of the Lower Cretaceous. All the 
strata below do not belong to the Cretaceous, but to the Jura 
or New Red sandstone. There is a great break of the strata, 
with a complete change of geographical distribution in north- 
ern Texas between the group of strata containing the Capro- 
tina texan(i Roem. and the Gri/phaa roerneri Marc, (formerly 
called b}^ Roemer and Marcou the Gryphwa pitcheri) and what 
has been called by Mr. Hill the Fredericksburg and Trinity 
divisions, and b}' me at the Tucumcari area the »Turassic 
formation of North America. 

The subdivision introduced at different times in the Fred- 
ericksburg seems to be local, simply different facies of the 
upper part of the Trinity. Correlations between the Jurassic 
strata of the Tucumcari and the Trinity and Fredericksburg 
divisions have not yet been established. It is a good field to 
work in. The fauna of the upper part of the Jurassic strata 
of Pyramid Mount at the Tucumcari, thanks to the collection 
made there in 1889 by Prof. A. Hyatt, is now well known: 
and with such characteristic fossils as Gryph(ta dilatata^ var. 
tnc tf mcar a Rnd Avnuonites helknapii, it must be easy to define 
with exactness and distinguish in Texas the Jura and the 
Neoconiian. All the strata that exist below the zone of 
Gryphwa tar umcarii and Ammonites shumar{b\ and that zone 
itself, are older than the Cretaceous s^^stem and belong to the 
Jurassic system. All the strata above, containing Caprotina 
texana and Grypluta roerneri (formerly the Gryphaa pitcheri 
of Roemer and Marcou), belong to the Cretaceous. The Lower 
Cretaoeous in Texas is composed of what Mr. Hill calls 
the Washita division (including in it his **Caprina limestone") 
and is what I have called, since 1853, the American Neocomian. 

One word more, about a question of priority which seems 
to have escaped Mr. Hill, although I have privately called his 
attention to it. Mr. Hill refers the species described and fig- 
ured b}' Roemer, in 1852. and by me in 1855-58, under the 
name of Gryphon pitcheri to a species figured twent^^-five 
years later, in 1880, by Dr. C. A. White under the name Gry- 
jfhaa J'ornicfflnta.Hii a new species, confounded before with the 
O. pitrheri. Roemer made the mistake to refer a Gryjihcrn 
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that he had found abundantly in the vicinity of New Braun- 
feld, to the Q^pitcheri of Morton. As he had the opportunity 
to show his specimens, when passing through Philadelphia in 
1847, to Dr. S. Morton, I thought he was right, and, following 
in his steps, I called the Gryph<fa found by me in such abund- 
ance at Fort Washita and at Comet creek Gri/pkwa pitcheri oi 
Roemer and Morton. When endless discussions, started by 
Messrs. James Hall, Shumard, Meek, and Gabb, on the iden- 
tification of Texas Gryphaa, all referred by them to the typi- 
cal G, pitcheri, showed plainly that mistakes had been made 
all around, in order to keep intact my observations at Comet 
creek, I took care to print in a foot-note of my paper, "Notes 
on the Cretaceous and Carboniferous rocks of Texas'' (Proc, 
Boston Soc. Nat. History, vol. viii, January, 1861, p. 95), 
the following remark : "Thus we shall have three species of 
Gryphfta : 1, the G, tucumcdril of the Jurassic rocks of Pyra- 
mid Mount (New Mexico) ; 2, the false 6r. pitcheri of Roemer 
and Marcou, or the false G, pitcheri \^r. varia of Conrad and 
Hall, of the Cretaceous rocks of the False Washita river 
(Texas), which may be called G, roemeri in honor of its first 
discoverer, Mr. F. Roemer; and 3, the true G. pitcheri Mor- 
ton . . . . " 

It is evident from that quotation that Dr. C. A. White 
ought to have called the Gryphwu pitcheri of Roemer, 
Gryph(ta roemeri; and that his name of G. fornicntata can- 
not be accepted, according to rules of priority. American 
paleontology has been saddled with such numbers of incor- 
rect determinations of Mesozoic fossils, that if we do not re- 
turn to the question of priority, as an immutable rule, then 
nothing is left but fancy and consequently inextricable and 
systematic confusions. Happily, I have given such excellent 
figures of the Gryphna found by me at Comet creek, drawn 
by the great fossil artist, Hubert, that doubt is not possible. 
After calling it in 1854 and 1858 Gryphaa pitcheri, 1 did not 
hesitate, as far back as 18(51, to say that it was a new species 
which I called then Gryphiva roeweri, a determination full}' 
justified since by every observer. Consequently K.i-oyyra 
forniculata White, not Gryphna as Mr. Hill says by mistake, 
has to go into synon3'my and be dropped. 

The accompaning table of the growth of knowledge of the 
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Texas Cretaceous is clear enough without explanation. It 
differs mainly from the table published by Mr. Hill in group- 
ing the Caprina limestone of his Fredericksburg division with 
the Washita division, and in the addition of the Jurassic 
formation in Texas. I shall publish, by and by, a history of 
the Texas Jura. 



GEOLOGICAL AND TOPOGRAPHICAL FEATURES 
OF THE REGION ABOUT ATLANTA, 

GEORGIA. 

By Chkster Wells Pirington, Boston, Mass. 
(Platk IV.) 

During the past winter opportunity came to me, while in 
the vicinity of Atlanta, Georgia, to make a few observations 
on geological features of the region which appear to deserve 
notice. 

As may be seen, by reference to the accompan^-ing map, 
formingfigure 1, plate iv,* central Georgia is a region of crys- 
talline rocks, gneisses and schists for the most part, in con- 
tact on the northwest with Paleozoic rocks, and overlain on 
the southeast by the superimposed beds of the Cretaceous and 
Tertiary. Although little has yet been done in the way of 
attempting to correlate this area with others, it is safe to say 
that these gneisses and schists are of Archean age, in the 
broader use of the term. Indeed, it is probable that the rocks 
about Atlanta belong to that limited and lowest division of 
geologic time to which the more restricted term Archean has 
recently been applied. 

The region is one where much erosion has taken place, and 
the red clays and soils resulting from the disintegration of the 
rock lie undisturbed over the gneiss. The red soils are famil- 
iar to all who have been in the southern Appalachians. They 
have been well described by Russell. f The products of decay 
are in some places fifty feet thick, as can be well seen in deep 

•Pffpared from tin* bulh'tins of tin* rnil«Ml Stat«*s (Jrolo^ical Survf»y. 
(•ontHinin«r tin* corn'latioii pajHTS of tlir Arcln'aii. ('n'tac«*ous. Koc<*ih*, 
and Neocent*: and from Prof. .1. W. S|MMK'»'r's n*iM)rl on th«' Pal«'ozoic 
^roup of (i<»orjria. 

fSiibar»rial d»H*av of rocks, and tin* nriirin of tin* n'd color of c«*rtain 
formations: bv Israi'l Cook Kuss«*ll. liulN'tin Tvl, V . S. (ifol. Snrvrv. 
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railroad cuts. Prof. Russell says that this weathering extends, 
in some eases to a depth of one hundred feet, but I saw none 
which went so deep in this area. So different in appearance 
are these red beds from the unweathered rock, that I at first 
took them to be the representatives of a superimposed 
formation of clays. But on closer examination, the similarity 
in strike and dip of the clay and of the underlying rock, the 
occurrence in the clay beds of parallel mica plates and other 
minerals of the gneiss, and the continuity of quartz veins 
through the rock and the overlying soils, convinced me that 
the clay was but the weathered phase of the rock. 

It is my purpose to describe a few peculiar topographic 
forms brought about by the long-continued action of the at- 
mosphere on the formation under consideration. The gen- 
eral dip of the rock is to the southeast, but many local folds 
occur of considerable extent. In many places, especially on 
the sides of the low hills, the weathered material has been re- 
moved, leaving large, bare outcrops of rock. These outcrops 
are of two kinds, (1) flat areas, sometimes several acres in 
extent, and (2) smaller masses which project from the ground 
with the dip of the. rock-bed. These projecting ledges are in 
some cases 10 feet long, are from 5 to 15 feet broad, and have 
a thickness of 4 or 5 feet. The average dip of the formation, 
and consequently of the ledges, is about 40^, although it is 
sometimes nearly vertical. In the case of a small fold, near 
Austell, an anticline plunging to the northeast, it was possi- 
ble, in a ploughed field a half mile in extent, to trace the turn- 
ing of the strike from southeast, through eai^t, northeast, and 
north, and this all from one point of view, by means of eight 
of the projecting ledges arrangeii in a long curving line. 

By the examination of the contoured maps, Atlanta and 
Marietta sheets of the I'nited States (Geological Surve3\ it 
will be seen that this region shows the general characteristics 
of a dissected peneplain, the uplanil sloping gently toward 
the southeast, having an average hight above sea level of 
1,000 feet on its northwestern edg(\ and 750 feet on the south- 
eastern. On a very snuill scale, a section crossing this area 
and continuing to the sea is shown in figure 2, plate iv. 
The surface is a rolling hill country in which the streams run 
in two well defined directions. The Chattahoochee follows the 
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longitudinal trend of the Appalachian folds, in a southwest 
direction : while a number of i^maller streams, farther east, 
flow southeast, in accordance with the slope of the peneplain. 
Hayes and Campbell, in a recent paper,* have traced out the 
development of the separate Cretaceous and Tertiary pene- 
plains in the southern Appalachians, and have stated that the 
region of central Georgia is that of least ditl'erentiation be- 
tween the two. According to this, the denudation of the pene- 
plain is the joint product of Cretaceous and Tertiary time, 
and its dissection must be chiefly referred to late or post- 
Tertiary agencies. 

The maps, however, show that certain parts of the area 
have not submitted to the general base-levelling process. 
The most noticenble examples of these extra-resistant masses 
are Kenesaw and Lost mountains and Stone mountain. The 
two first are near Marietta, and the latter is about sixteen 
miles east of Atlanta. The two first mentioned have their 
longer axes in the direction of the prevailing folds. Kenesaw 
mountain is w great monocline, its beds of gneiss having a 
general dip to the southeast of 40^. Lost mountain I have 
not examined, but its structure is probably not difl'erent. 

In looking at Stone mountain on the nnip. one is surprised, 
at the first glance, to see that its longer axis lies, in a direc- 
tion at right angles to tiie strike of the crystalline schists. 
In a geomorphological sense, all these elevations. Lost, Kene- 
saw, and Stone mountains, ran be classed under the head of 
monadnocks,f but while Kenesaw is only a massing of ex- 
tremely resistant beds of the country rock. Stone mountain 
must be di tie rent. 

The first view of Stone mountain from tiie train fixes it as 
an object worthy of notice. On a near approach, its shape, 
that of an immense dome, its abrupt and towering bight, its 
steep sides of soliii roek, bare of all soil and veg<'tation, and 
streaked by the rain with long white lines, make it a truly 
remarkable sight. The mass rises di recti}' from the surround- 
ing gneiss, and no talus encumbers the base. It is composed 

♦(icomorplioloir.v of tin* SihiIIhtu Appalacliiaiis. h\ ('. \V. IIav«*s and 
Mariiis K. ('anipb«'ll. Nat. (Jcoirraphic Majra/inf, Ma\ 2.*{. IS<M. 

\\ Ifi'in ^iiir:.' '>t''!l !)> Pr.)r. \V. M. l)a\ is. in alliiNion to Monadnock 
mountain in N»'nv Ilainpshin', and nsnl In M«'ssrs. IIa\rs and Camphfli 
in lh<* papT ri*f«*rn'd t'» al)t)v«'. 
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of a fine-grained, gray muscovite-granite, homogeneous^ 
throughout, and appears to be, as far as can be judged from 
its present features, an eruptive plutonic body, a true lacco- 
lite. The only variation from the even fineness of crystalliza- 
tion is the presence of crystals of tourmaline porphyritically 
developed, and intergrown with other minerals. These crys- 
tals are usually an inch and a half in length. They do not 
occur at a distance of more than three feet down from the 
surface of the granite, as 1 was able to observe in the exten- 
sive quarries now being worked upon the mountain. 

Since tourmaline is a mineral whose presence in granite 
usually denotes a contact with other rock, the presence here 
of crystals of tourmaline near the surface, and nowhere else, 
is evidence in favor of two things: (1) That Stone mountain 
has been covered with beds of rock, probably with gneiss like 
that which surrounds it. The holocrystalline nature of the 
stone itself bears out this theory. (2) That, although the 
cover has been removed, little of the granite has been eroded. 
Indeed, I think it probable that the shape of the mass has 
been but little changed since the granite cooled. Hence it 
may be referred to as a stripped laccolitic mass. The moun- 
tain reaches two and a half miles in its long diameter, and 
nearly a mile in its shorter one. The slope of the sides varies 
from 30*^ on its southeast side to as high as 70° on the north- 
east. A granite mass similar to Stone mountain, but much 
smaller, comes up through the plain twelve miles to the south- 
east. 

The ditt'erence in structure between Kenesaw and Stone 
mountains is roughly shown in the accompanying cross-sec- 
tions (figures 8 and 4, plate iv). 



EDITORIAL COMMENT. 



Thk Colt Mill ax Kxposition. 

SoHte fipi'i'idi State exhitnts o/' the enjstalluw ntcks. 

Of the New England States Massachusetts excelled, [ilthough 

Connei'ticu*: and Maine also had suites of dressed granite 

cubes four inehes on the edge, the labels of the latter express- 
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ing where and what buildings have been erected of the various 
granites exhibited, a feature which was not seen on SLuy other 
similar exhibit. The most interefidii^ portion of the Massa- 
ehufletts «xhit)it was in the gallery of the Mines and Mining 
building. It was collected b}' Dr. W. H. Hobbs, ( :. L. Whittle 
and Geo. E. Ladd, and displayed many interesting rock struc- 
tures as well as a large number of minerals. There were many 
fine samples of margarite, with its divergent cleavage plates, 
of steatite, with its wav}^ or step-ladder structure. Margarite, 
chloritoid and emery were from Chester, the steatite from 
Blandford. 

A polished slab of mica schist, from Great Harrington, 
loaned by Dr. Hobbs, illustrated the formation of a secondary 
"banding" transverse to the sedimentary structure. This, 
however, is hardly a banding, but a schistosity, although it 
has been mistaken for a sedimentary structure by several 
geologists. This is the same slab as that used to illustrate 
Dr. Hobbs' paper on this subject in the Bulletin of the Geo- 
logical Society of America (vol. iii, p. 460). A mica schist con- 
glomerate, from near the base of the Taconic, from the Hoosac 
tunnel, contained pebbles of granite and gneiss, and illustra- 
ted the manner in which the old fragmentals approximate the 
petrographic characters of a true crystalline rock. There was 
also a very nice polished slab of lilac and iridescent scapolite 
from Bolton. This is associated in a limestone with a variety 
of minerals, such as diopside, ber^^l, nuttallite, etc. By Dr. 
WolflT the conglomerate has been found to pass into gneiss, 
the pebbles having a micaceous matrix. 

A building stone that has acquired some notoriety was ex- 
hibited from Somerville. This is a decomposing diabase. 
Prof. N. S. Shaler protested against its going into "memorial 
hall," Cambridge, and prevented it. The owners, who lost the 
contract, brought suit against him for "defamation of prop- 
erty," but as there was no ditticulty in proving that the rock 
is subject to rapid disintegration and has decayed to the 
depth of twenty feet along the joint planes, they recovered 
no damages. This stone has, however, lately been used in the 
foundations of Hastings hull. This collection demonstrated 
the superior qualifications of practical geologists in getting 
together such exhibits. It was not wholly ''industrial," but 
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rather educational and scientific. Too man}' of the state ex- 
hibits were prepared by gentlemen who cared onl}" for the 
economic interests involved, and they got together large quan- 
tities of various ores which confronted the visitor on every 
side <(d n(tttse(f)H. 

Adjoining the Massachusetts mineral exhibit was that of 
New York, which had all the variety and volume which might 
be expected from that state. One of the most striking objects 
here was a case of green fluorite from McComb, St. Lawrence 
count3\ In the collections of the New York State Cabinet 
was an obelisk made up under the direction of Mr. F. J. H. 
Merrill, consisting of cut blocks from all the formations of the 
state, taken from quarries or other sections. It was thirty 
feet high and four feet square at the base. The cap and top 
course were of trap and Triassic sandstone, and the base of 
Archean granites and gneisses. The four sides of the column 
showed the occurrence of the formations in the respective 
(juarters of the state, each formation being represented by one 
or more courses, according to its relative thickness. Above 
the Archean was the **Cambrian,'' which was divided into 
(ieorgian and Acadian, the Georgian being the thickest for- 
mation represented in the column, having six courses. The 
Acadian had two. The Hudson River, including the Utica 
slat^, had five courses. The Potsdam was put at the base of 
the Lower Silurian and had one course. It did n(»t cover the 
(,'alciferous, which also had one course. 

The magnetic iron ores from Orange, Essex and St. Law- 
rence counties, New York, and the Clint(ni red hematite were 
well represented; while in the gallery were 102 four-inch pol- 
ished cubes of the granites and other crystalline building 
stones. 

The Michigan exhibit of crystalline rocks was under the 
direction of Hon. Peter White, of Mar(|uette, assisted by Jul- 
ius Koper and by others. Here was a drawing showing the 
geological succession through the iron districts of tiie Ish- 
peming basin, a ilistance north and south of over seven miles, 
'i'his brought out the structural relations of the ore deposits 
and of the associated rocks. The formations concerned were 
re])resented by 50 or 00 rock sanjples. This whs made by 
Julius Roper. There were also 720 specimens of the Archean 
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rocks, accorapRnied by a manuscript descriptive list, and a 
general account of the various ore basins represented in Mar- 
quette county. It seemed a great mistake that this was not 
put into print for the use of visitors, as it was a key to the 
whole exhibit. From the copper mines there was a large dis- 
pla}'. The largest mass of native copper on exhibit w^as from 
the Central mine, Keweenaw county, and weighed 8,500 lbs. 
Another had a weight of 6,200 lbs. Two samples of hematite, 
from the Republic mine, together weighed 10,376 lbs. and 
were accompanied by the following analysis, showing their 

average composition : 

Metallic mm (58.0)0 

Silica l.loO 

Phosphorus 040 

Alumina JM)8 

MagiK'sia 072 

Lime 127 

Manganese 022 

Sulphur mi\ 

Organic and volatih' 21M) 

There was also an admirably constructed section of the 
Cleveland Cliffs Iron Company's Lake mine, Ishpeming, made 
in the actual material, showing three levels, and another of 
the Cliffs Shaft mine. These exhibited the general relations 
of the ore to the depth of 500 feet, and a horizontal width of 
750 feet. Their dimensions were 12 feet high and 18 feet by 
18 feet.hori^iontal. . Another section illui^rated the formation 
east and west of the Calumet lode, exhibited by the Calumet 
and Hecla Company. There was also a fine display of verd 
antique and serpentine marble from the region west of Ishpe- 
ming. 

Wisconsin exhibited, besides granites and various kinds of 
building materials, the iron ores of the Penokee range. A 
large piece of metallic (tloat) copper was exhibited, found in 
Jefferson county, having a weight of 1,800 lbs. The most 
striking object in the Wisconsin exhibit were the four mono- 
liths of lake Superior red sandstone standing at the four cor- 
ners of the pavilion. 

Minnesota had an exhibit of the iron ores of the state, and 
a series of rock samples from the crystalline rocks, prepared 
by the state survey. There was also a model of the great 
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Chandler mine at Ely, which has produced more iron ore, for 
the time it has been operated, than any other mine in the 
world. 

In the South Dakota exhibit was a natural section of the 
Homestake gold mine, at Lead City. This is the largest gold 
mine in the United States, employing 1,800 men. The section 
consisted of a perpendicular column of seven blocks of rock 
taken from the mine at intervals of 100 feet, showing the 
distribution of the ore in the rock. The cheapness of the 
smelting allows a good profit on the vcr}'' low grade ore which 
is taken out. It has an average of $3.75 per ton, varying from 
$1.00 to $25.00 per ton, the annual output being about $4,- 
000,000. 

The crystalline rocks of Missouri were illustrated by 200 
hand specimens, collected by Messrs. Haworth and Lonsdale, 
of the Geological Survey, and by dressed blocks of granite 
from the granite companies. The specular ores were also ex- 
hibited by specimens. The Archean area of the state was 
shown by a relief map covering an area of 250 square miles, 
the horizontal scale being 1 : 48,000; vertical 1:24,000. This 
area rises 1,500 feet above the sea. The line of the limestone 
areas surrounding it is 500-600 feet above the sea. The Ar- 
chean therefore rises from 900-1200 feet above the adjacent 
Cambrian areas, and about six square miles of this reaches 
1,800 feet above the sea. The rocks represented do not seem 
to belong to the true Archean, but resemble more in tout en- 
semble the crystalline rocks of the Norian. 

Other exhibits of crystalline rocks and associated minerals 
were seen from New Jersey, North and South Carolina and 
other states, but the writer happened to visit them when they 
were closed. 

Ward's systematic rock collection in the gallery of the 
Mining building, was by far superior to anything else of Its 
kind seen in the exposition. This contained several thousand 
specimens dressed regularly to museum size, from all parts of 
the world. There was "petrosilex'' from Dannemora, Sweden, 
appearing like the jaspil3'te of Minnesota. There was ever}' 
variety of volcanic rock as well asplutonic, including ^^quartz- 
porphyry tufa,'' from Zeiskywald, Ruchlitz and Wiesa, Sax- 
ony, and volcanic l)ombs two feet in diameter from Monte 



Jierietc of liectnt Gadoyicol Literature. 118 

Somnia, Italy, Auvergne, France, and from New Zealand, 
These are lenticular generally, but some are much elongated. 

N. H. w. 
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Ttrelfth Annual ReiMrt of thf United Staffs (^eohyicai Surnff to f/ic Sn'- 
rftary of the Interior, ISUit-^Ul. Hv .1. W. Powkll, l)in*ctur. Part I, 
Ge<»l<»jfv: pp. xiii 07.*), with .'Vli plaUvs, hikIHI figures in tht* ti>.\t. Pari II. 
Irrigation: pp. xviii, 570, with plates 54-140. and fljrun'S iSl-*270 in \\\v 
t<*xt. Washington, 1891. 

These valuable larjro volumes re|K)rtinj; th»* projrress of our national 
survey during the fiscal year ending June Jtt), 181)1, wen» distributed to 
colleges and universities, public libraries, and the working geologists of 
the country, nearly thn*e years after that date, although b<*aring the 
imprint of 1891. In the first volume the director's annual re|K»rt and 
the administrative rejMirts of the chiefs of divisions of the survey form 
210 pages. These are accompanied by four geological pajH'rs, as r»'- 
viewed in the following pages, forming the remainder of this volume. 
The second, devoted U\ the surveys and plans for the impnivement of 
the arid lands of the western half <»f the United States by irrigation, 
contains three re|)orts: first, ui^on the location and survey t)f reservoir 
sites, by A. H. Tiiomi*son, comprising 212 pages, with four plates and 
142 figures: s<»cond. Hydrography of the arid r<*gions. by F. H, Nkwkij.. 
149 imges, with 49 plates and seven figures: and third. Irrigation in 
India, by Hkkbekt M. Wii^son. IW |>ages, with 40 plates and 41 figun's. 

In topographic, geologic. i>aleontologic, chemical and physical work, 
compilation of statistics of mineral prmlucts, the departments of en- 
graving and ])rinting. the library, and disbursements, thirty-two sum- 
mary re|K)rts of the prtJgre.ss of the survey are presente<l. 

Up to date of .lune .'W, 1891, the number of t<»|K>graphic sheets of tlu- 
United States atlas which had been engraved was 47:<, comprising about 
481,000 sfiuan' miles. These sheets are on three ditferent scales, accord- 
ing to the character of the country, the proiHirtion of |Mipulatioii, and 
the importance of geologic features to be noted. Thus, 177 sheets have tin- 
scale of 1:02,.*>00. or about one mile to an inch, usually with contour in- 
tervals of 20 feet. thes«' being mostly in the New Knjflaiid and Atlantic 
states south to the Potomac river: 2'{7 sheets are on the scale of 1:125.- 
000. or about two mih's t») an inch, usually with contours for i»ach 50 or 
100 feet: and 59 shei'ts. mosth in the mountainous or d«'sert UordillerMh 
l>elt, are (Ml the scale of 1:2.'>0,000, Of about foiir miles t<» an inch, with 
contours for each 2<K) or 250 fiM't. The an*as of the she»'ts for these se\ - 
eral scales an* Ixiunded res|M'ctive|y by arcs of i, 4. and I desrrer in lati- 
tude and longitud«'. 
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The inwsti^alions r«*laliv«* to irrijratioii incliuh* (1) tlu' systematic 
mapping of the arid rejrioiis in order to show the location and altitude 
of the irripible hinds, their |>osition with re;jfard to the rivers from 
which the water is to be obtained, and the area, altitu(h% and character 
of the catchment basins from whicli the rivers rec<'ive their waters; (2) 
measurements of the amount of water flowing in the most important 
streams, with computations of the quantity availabk' for each day of 
the year, either for immediate irrigation or for storage pur|K)ses; and (3) 
en^ineerinj^ exam i tuitions of such localities as the knowledj^e of the t<i- 
|K)jrraphy and of the water supply seem to indicate as favorable for 
jrreat irrij^ation developments. At these placets careful surveys are 
made to t^^st the practicability of divertinj? the waters of some riverand 
carry inj( them out by larj^e canals to command extensive areas of arid, 
thoufrh fertile, land, or of holding; the tlood waters in ^reat reservoirs so 
that the flow of the streams can be increased in time of drought. These 
surveys are in each case carried to the degree of testing the feasibility 
of the schemes from a financial stand{>oint. This report gives descrip- 
tions of 147 reservoir sites, with accompanying hydrographic data, illus- 
traUul by maps and diagrams. During the year here rejKjrted 21,475 
square miles were mapi;>ed for this department of the survey, in the 
states of Montana, Idaho, Kansas, Colorado, Nevada, California, Texas, 
and New Mexico. The total areas segregated fi>r the reservoir sites are 
Kid, 032 acres: and the areas of the n*servoirs. at their pn)|K»sed stages 
of high water, amount to 108,350 acri's. Their contents would hv af)- 
proximatel}' 2,847,815 acrt»-feet, which, allowing two feet of waU;r for 
frrigation during the growing season, will supply half as many acres. 
This is nearly equal to the irrigation cr«)p area .shown by the census of 
1890 in Montana, Idaho, Wyoming, Utah, Nevada, New Mexico, and 
Ari/x)na. Most of the sites selected for rt»servoirs an' high in the moun- 
tains at elevations of 5,000 to 10,000 feet, where the loss from evapora- 
tion will be less than it would be down nearer to the irrigated lands. 

Mr. Wilson*s paper (m irrigatitm engineering in India gives abundant 
details relating to ec<»nomy and jiermanence which have been ther«» de- 
veloped through long practice, whereby American engineers may reap 
the resulLs of much costly exjierience. He shows the b<*nefits, financial 
and iM)litical, derived fnim the canals of India, and points out how in 
many localities the tofxigraphy, climate an<l water supply res<»mble 
those of our arid West; but with our lower mountain ranges and smaller 
rivers it is not needful nor |H)ssible for us to ct)nstruct so large canals 
and res<*rvoirs. w. v. 

Tlu Or iginand Nature of SoiU. \\\ Nathaniki. Soi;th<iatk Shalek. 
Pages 213-:Uo: plates ii-x.\*xi, and figures 1-27. (Accompanying the 
Twelfth Annual KeiM»rt, V . S. (ieol. Survey.) In this admirably illus- 
trated memoir Prof. Shaler treats, in a style suited to ordinary unprt>- 
fessional readers, the interesting conditions of soil formation; diverse 
kinds of soils; causes t)f the treelessness of prairie areas; the beneficial 
action of earthworms, ants, the larger burrowing animals, and deeply 



faulty int*lh<>ds i»f fhrminsr: and th»» i»r»'OHUtii>ns msnltHl U\ insun* i^t- 
manenl pitKliictiwiU'Ss. Th»* im»ssur«* of lh»' plow on thf |mrt of th»* 
soil ben»»Hlh thai which ii ov»»rlnrns is shown to Ih» unfavorabU' fi»r lht» 
li«*st tiUHfTi*. and lh«* inv«'iilion antl subsiitution of »iomt' machine oa|»n- 
bh» of working over and I hopinijrhly l«»»Ksi»nin>r tht* s*>il as when it is 
si>ad«Hl by th«» s:arden»»r an* sirongly reoommendetl. An outline of this 
subject had b«H»n presented by the author in the final essay of his vol- 
ume. "Asijecls of ihi* Earth.** a year or two previous to its elal)oratii>n 
for this re|M)rt. w. f. 

The lAifajtrttt FontuitUm. Hy W .1 MrliKK. Pa>r«'s :U7-.V2l. plates 
xxxii-xi.i. and fijrurt»s 28-72. (Accom|Minyin>r the Twelfth Annual Ke- 
p«»rt, V. S. (Jeol. Survey.) I'ihui an ar»»a of about HX),lHH) stpiart* miles 
of the coa.stal plain in the Atlantic and (iulf states and of the Mississip- 
pi valley, extending north to the limits of the glacial ilrift in northern 
New Jersev and southern Illinois, the hmm. santl. and jrravel ImuIs of 
the Lafay»»tte formation constitute the present surface: and u|Hin areas 
a^)(re^atin^ twice as much more this ft)rmation has been removed by 
erosion, or lies concealed Ix'neath the Columbia de|K»sils. In thickness 
the l^afayette beds are descrilM'd as ran>cin>r from a mere vem»er over 
many interslream tracts to 2(X) feet or more about th«* mouth of the 
Mississippi, the variation bein^ in general directly proportional with 
the volume of nei^rhborinjr rivers and inversely with the extension in- 
land. In structural relation the Lafay»'tte is .separated fn»m the newer 
Columbia formatit»n by thestronjfest unconformity of the coastal region. 
reprt»8t»ntin^ the erosion of probably half the volume of the Lafayette 
formation and pn>found trenchin^r of subjacent formations alon^ tht* 
lar>?er waterways: while the contact with all the underlyin^r formations 
indicates thai during? pre-Lafayette time the coastal plain was a land 
surface and was wrou^rht into a configuration much like that exisiin^r 
to-day. As to their manner t>f de|M>siti<»n, Mr. Mc(fee holds that the 
Lafayette beds were laid down in th<' shallow l>ord«'rs of the Atlantic 
ocean and Gulf of Mexico, b«*in>^ broujrhl by rivers which are still in ex- 
istence, when the land stiNMl from 2fH) to H()() feet lower than now, and 
when the sea and jfulf extended from .>() to ."iOO miles inland of the pres- 
simt coast. In ap* this formation is rejjarde<ra> many times older than 
the earliest known Pleistocene and glacial deposits, but much newer 
than any other well defined formation of the coastal plain. To account 
for the deiM>sition of the Lafayette beds, the author sup|N)ses their areas 
to have been depressed beneath the sea. It is noteworthy, however, 
that no definite beaches, marine fossils, or oiIht proofs of the presence 
t»f the s«*a have been <liscoven'<l: and the j;reat amouni of erosion follow- 
ing; the Lafayette deposition re(piired an impirtant coniineiital uplift. 

A simpler view of the ep •iro«:»'iiic movements, closing: the Tertiary 
♦•ra and inaui^uratin^r the Qufiternary. seems to tin- present reviewer to 
be found in ascribin;^ the Lafayette formation to deposition on land 
areas by f1o<Mted rivers descenilitij; from the Appalachian mountain 
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rf^'ion and from tlic Mississii)pi basin, spr«*adin^ ;rravi'l. sand, and loam 
oviT th«' coastal i)lain and alonj: llic jrn'al vallov during: tin' oarly part 
of a time of continental elevation. The land had lain durin>r the loii«r 
Tertiary periods at lower altitudes, and its surface was largely enveIo|)ed 
bv residual clavs and bv alluvial sand and "Travel. With the elevation 
of the continent, increased rainfall and snowfall and resulting' river 
Hoods swept away these sup«'rflcial mat*'rials from the hi«rher landsand 
spread them on the coastal |>lain and alon^r the Mississipi)i valley, where 
the streams expanded ov<'r broad areas with shallow and slackened cur- 
rents. As the elevati«)n increased, however, the rivers would attain 
steep slopes and finally erode much of the dep(»sits which they had pre- 
viously made. I)urin>r the culmination of the uplift, which the re- 
viewer thinks to have produced the northern ice-sheel, ('hesai)t'ake and 
Delaware bays were e.vcavated and erosion was in i)ro^ressat a far more 
rapid rale than with the present low altitude of this rej?ion. Prof. K. 
W. Hilgard. by whom the formation was first studied and named, be- 
lieves thai during Lafayette time the Mississippi valley had a ^'renter 
descent anti stronger currents of its river floods, the Increased altitude 
of the interior of the continent haviujir been apparently 4,(XK) to 5,000 
feet, sufficing probably, in its culmination, to brinjr the cold climate 
and ice accumulation of the Cilacial iwritnl. According to this view the 
Lafayette iM^ritnl may be considered, as by Hilgard, S^HMicer, and Smith, 
to be early Quaternary or Pleistocene, representing the initiation of the 
conditions which resulted in the Ice age. w. v. 

The North American Continent during Cambriun Time. Bv Charlks I). 
AVaix'OTT. Pages r)2:{-5«8: plates XMi-XLV, and figures 73-78. (Acc(»m- 
panying the Twi'lfth Annual Report, V. S. (Jeol. Survey.) The conclu- 
sions reached in this pai>er are stat«'d by the author as follows: 1. The 
pre-Cambrian Algonkian continent was formed of the crystalline rocks 
of the Archean nuclei, and broad areas i»f sufM'rjacent Algonkian rocks 
that were more or less disturbed and e.xtensively erodinl in pre-Cambrian 
time, lis area was larger than at any succe»*ding «'iH)ch until Mesozoic 
time. !>. On the east the Paleo-Appalachian sysl«'m of mountaiiLs was 
outlined by a high and broad range, or system of ranges, that extended 
from the present site of Alabama to Canada, andsubparallel ranges that 
fi>rmed the margin of seas and straits to the east and northeast of thi' 
nortln'rn Paleo-Ap|)alachians or thr Pah'o-(ireen mountains and their 
northeastern extension toward th** pn*-('ambrian shon* line of Labrador. 
\\. On tin* Pacific side the eastern mass of the I'alro-Rockv mountains 

ft 

fornu'd a broad mountain barri«'r that extended from the i)resent region 
of Arizona and New Mexico to Montana, and toward the Arctic circle. 
u|K»n the western sid«' of an interior land an*a. T(» tin* w«'st the primi- 
tive Sierra Nevada protected the Nevada sea and extended far to the 
north. 4. Tin* int«'rior continrnlal area was. at tin* ix'ginning of Cam- 
brian tim«*. an «'levatetl. broad. relativ«*ly levrl plateau between the 
Pah'o-Appalachiafi sea on tln' fast and the Paleo-Rocky mountain bar- 
rier on the wfsi. .'». At the bj'ginninir of Cambrian tim«* three principal 
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areas of stMlimenljilion existed: {a) thi* Atlantic coast i)r()vince. including 
variotis narrow seas between the sevi'ral pre-Cambrian rid*res: {b) a 
narrow sea extending: alon^ the western side of the Paleo-Appalachian 
ranjre fn»m the present site of Labrador to Alabama: ('*) a broader sea 
on the western side of the continent, west of the eastern Paleo-Kocky 
mountain ran^<'s, that extended from thesouthern jiorl ion of the present 
site of Nevada northward into Hritish Columbia and probably toward the 
Arctic circle, and south to the Paleo-(iulf of Mexico and thus connecl- 
'\\\\l with the Paleo-Appalachian sea. 0. Sedimentation probably began 
in the Paleo-Appalachian and Paleo-Hocky Mountain seas before Cam- 
brian time, and it continued without any known unconformity to the 
close of Lower Silurian (Ordovician) time in the northern Paleo-Appa- 
luchian sea, and with relatively little interruption to the close of Paleo- 
zoic time in the Paleo-Appalachian sea south of New York, and in the 
Pnloo-Rocky Mountain sea. 7. The Cambrian sea be;ran to invade the 
jirreat Interior Continental area in Middle Cambrian time, and extended 
far to the north toward the close of the period. 8. The depression of 
the continent in relation to sea level began in pre-Cambrian time and 
continued with a few interruptions until the close of Paleozoic time. \). 
The relative |H>sitions of the continental area and the deep seas have not 
changed since Algonkian time. 10. The sediments of Cambrian time 
were accumulated to a great extent in approximately shallow seas, ex- 
cept in i)ortions of the Paleo-Rocky Mountain and Paleo-Ap{)alachian 
seas. n. The Lower Cambrian fauna lived in the seas of the Atlantic 
coast province, the Paleo-Appalachian and the Paleo-Rocky Mountain 
seas. 12. The Middle Cambrian fauna of the Atlantic basin is not 
known to have |>enetrated into the Paleo-Appalachian or Paleo-Rocky 
Mountain seas, except in the case of a few sjx^cies n(»w found in Ala- 
bama and probably eastern New York. The |x)rtion of the fauna occu- 
pying the same relative stratigraphic |K)sition in the grou{» is essentially 
the same in the Paleo-Appalachian and Paleo-Rocky Mountain sections. 
13. The Up|)er Cambrian fauna was distributed over the broad Interior 
Continental area and in the Pale<»-Ap[)alachian and Paleo-R4K'ky Moun- 
tain seas, but it has not been recognized by the same genera and s|M*cies 
in the Atlantic coast pnnince. the fauna of the latter being more closely 
allied to that of the I'jUK^r Cambrian of theeastvrn side of the Atlantic 
basin. * w. v. 

Thu Eruptirr Horku of Ktrrtrir Peak and Srpulrhrf Mountain, Yrtloir- 
ntone Natumal Park. \\\ .Ioskpii Paxj^on Iddixos. Pages .")(MM)04: plates 
XLVi-Liii, and figures 70-81. (Accompanying tin*. Twelfth Annual Re- 
jjort, C S. (Jeol. Survey.) The study of the chemical ci>mi)osition of 
the Intrusive rocks of Klectric jwak and of the volcanic rocks of S<'pul- 
chre mountain [»roves that these two ;;roups of rocks have identical 
chemical com|K>sitions. The varieties that have been analyzed are 
mineralogical and structural modifications assumed by tin* magmas on 
cooling, and the analys<*s serve as indications of the range of their 
chemical variabilitv. From the g«'<»l<»*-'<'"l structun* of tin- reirion. th** 
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corn'siH>iuU'iic«' b<'tw»M'ii llic orders <»f ♦'ruplion oflho two series c»f rocks, 
llie resemblance of a lar;;e partof Jlhe rocks of both series, macroscop- 
ically and microscopically, and the chemical identity of all the rocks 
of both ^'roups. it is conclusi\*'ly demonstrated that(l) the volcanic 
rocks of St'pnichre mountain and the intrusive rocks of Klectric fH*ak 
were originally continuous j^eoloj^ical bodies; (2) the former were forced 
through the conduit at Eh'Ctric peak duriujir a si'ries of more or less in- 
terrupted ('ruptions; and (3) the great amount of heat imiK)rt«'d to the 
surroundinji^ rocks was due to the freijuent passage of molten lava 
through this conduit. The remnant of a volcano, fractured acniss its 
conduit, has been faulti^d and considerably eroded, so that it presents 
for investigation, on the one hand, the lower [X)rtion of its accumulated 
debris of lavas, with a part of the up|K*r eud of the conduit ttlled with 
the final intrusions, while, on the other hand, a section of the conduit 
is exiK)sed within the sedimentary strata u|M>n which the volcano was 
built. Recognizing the wide extension of similar intricacies in the 
geological and physical relations of volcanic eruptions, Prof. Iddings 
thinks it "advisable t<» base the classification of igneous rocks on that 
character which mav be determined with certaintv from the rocks 
th«*mselves, namely, the crystalline structure, and which, at the same 
time, is to so high a degree an exiKinent both of the chemical comtx)sl- 
I ion of the magmas and of the physical and geological contlitions at- 
tending their solidification." w. v. 

PopifUir lA'rtuntf ami AdifreuMfn. By Sik William Thomson (Baron 
Kelvin): in three volumes. IW. //. Oeohyy and (ieutritl PhynicM. Mac- 
millan & Co. 12mo., 000 pp., $2. 1894. 

I^)rd Kelvin's addresses on physical geology in connection with the 
live question of the length of time the earth may have existed, have 
such a degree <if simple mathematical expression antl exactness that they 
have had much influence in recent calculations by different geologists. 
In this volume are included also addresses on various subjects of physi- 
cal science, such as geological climate, the condition of the interior of 
the earth, the earth's magnetism, the theory of i)olar Ice-caps in rela- 
tion to changes <»f the sea level, sound and imiM»rfect harmonies, the 
heat of the sun. the aurora, etc. N. ii. w. 

.1 manual of thf ntudy of dorumentH. Persifor Frazkr. .1. H. IJppin- 
cott.tCo.. Philadelphia: pp.218, 181)4. 

One of the editors of the American (Jeolooist has |)r<Kluced a b<K>k 
i»n a branch of study which, being entirely new, he has named bibluttieM. 
It is the study t)f writing and writing materials with the view either \o 
establish the character of the writing or u» discover fraud. The former, 
again, he vaWs yramnuiphefiy, and the XniU^T plannttpheny. 

This curious volume follows the subject into many lines of research. 
The physical characters of a s|K*cimen of |M*nmanship are minutely ex- 
amined into. Ixith through ocular ins{><*ct ion and by microscopic meth- 
<kIs. and by com|K)site photography. It is wonderful how far these 
meih<Kls have aln*ady been employed prior to any attempt to define and 
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^roup thi»m. Tin* various mi'thods of makiu^r clK^miral fxaminaiion of 
inks ujM'd in writiii*:, for tho piir|K)s^' of (•omi)ariii«: a jr«*iuiiin' with a 
spurious si jrna turf, are f^ivi'ij in detail. Then follows a (lijresl of the 
laws and judicial opinions bearini: on the use of ex|M*rl testimony oiV 
handwriting. 

Altogether this little manual will be (»f use in legal and financial cir- 
cles whi*re the critical examination of all si«rnatures is a ni'cessity. It 
brinjrs into small compass for the first time just the information often 
wanted by p«*nmen and ex|x»rts, which usually is scattered and ditticull 
to use. x. II. w. 

Die Fauna drii vuterru Deron am (htabhancfe den I'ral. Hy Tn. TscilKU- 
NY8CHEW. (M^moires du Comite (ieolojriciue. Vol. IV, No. :{. pp. l-'2*il, 
pis. I-XIV, 189:^.) 

This is a work t)f more than local interest. The author. es|M*cially 
distinguished for his researches upon th'^ l)«»vonian of the Russian Em- 
pire, has described in detail a somewhat peculiar faunal assemblage 
from neighboring limestones on the Asiatic sIo|m'S of the I'rals. which 
are treated of as a whole and as of common age. 

The American student of paleozoic faunas, after a diligent scrutiny 
of the fourteen finely executed plates of fossils and of their descriptions. 
can hardly fail of being impressed with the conspicuous predominance 
of normal Silurian (Niagara) typ«\s in this fauna, here regarded as of 
lower Devonian (Hercynian) age: and in such a mind the query at once 
arises: By what construction is a fauna so constituted to be referred to 
the Devonian? The leading elements of the fauna <li.scussed, briefly 
stated, are as follows: Among the Trilobites. Youiiffia, a ceraurid like 
PiteudofrphoTexor/tuM, iiU(\ of which the only other known species is fr<»m 
the Silurian: Calymeut (fragment). Arintozor {A. rfffitta, Harrande, A. 
herrynicu^ nov.) Of the gaslro|KHls. Pfafi/reraM {\ species), Orthnhyrhia 
ehugata Hall. O. rultellutt, nov., Pbvrotnmaria lindttfrwrni. a pauci-spi- 
raled shell with large, veiitricose body-whorl: P. renfriroMa. with angular 
whorls, high spiral and contracted body-whorl: large Murchisonias with 
high spirals: large broadly umbilicated Hellerophons (cf. Trfmafonott/M, 
Hall: SalpingtMftoitta F. Ko»»mer). sharply carinat«*(l species iOxydiHrux) 
and small, non-umbilicated forms of typical structure: well defined 
SubulUen {S. urafintM, nov.) Tin* leading I'lement of the fauna is tlu' 
brachio|)o<l. which includes spirifers of the type of N. radiatttM (S. tur- 
getmiit, nov.. S. robiitttun, Harratule) and S. pfirafclhiM (S. indijf'frfNu. var. 
tranidtnn, liarrande): multiplicate lineate s|>ecies like N. iiiayart-nxiM {S. 
liro. Barrande). dupliciplicate radiate forms represented by N. tiobiltM, 
Barr. var. arlntrnsiM. nov. Species of the unicispiiuite fimbriate typ»* (.S. 
(/rbitatim Barr.. N. cttyulivuM, nov.. N. prntamerifonuiM. S. kuffchnntfitt). Of 
the considerable number of siwcies referred to .Vm/*/// and yfrriMteUn, tin* 
critical generic characters are demonstrated in none. C'ompared with 
similar shells in American faunas it may saf«*ly b«* said that th«*s<' bear 
in resjH'Ct to form, size and g«'neral external expression, a far mon* pro- 
nounced similarity to s|M*cie.s of WhitJitUhUn and Mt-riMtina of th«' Silur- 
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iari. than to tho Moristas and M«'rist«»llas of thr Lowrr HrUIt'rb«'rjr and 
Oriskany. Indt't^d ann)n|Lr llie idt'iitiflcations w«' find thai of JA {Whit- 
fidddl(i) nitida Hall, a Nia^rara spH'cics. NnnrnToiis small Khvnchonid- 
las occur, of the tyju* of R. trhitiiwufX li. ifidia/wfutiM, of tin* Niajrara: on»* 
larjr*' form. WUmnui pilo, var. irbittnttiM, nov. is lik«' W. MUjfordi Hall. 
It is till? jHMitamcroids that put th«* Dcvoinan conception to tin* s»'vt»rest 
strain. Here wi» m«M»t a n*markabh* dt'vclopm«'nt of <i:«*n«*ra which on«* 
is wont to rejrard as «*minfMitly Silurian: «rr«*at plicat^nl C'onchidiums of 
tin' t\ p«» of P. kniyhti (I\ pHcudokiriyhti, nov., P. rogulinn* Vorn., P. 
roHHiruK Karpinsky. /'. kutrpinAkii, nov., fic): /'. taltifiiMitt, a sm<M>th 
sh«*ll«*d, lru(* PentameruM of the ty|X' of P. penjibbonux^ Hall and Whitfitdd 
and P. ntriiUuH Eichwald, a form which, in some of its phases, shows 
the pa.ssajfe of Pentainerun to shells with th«» completely reversed con- 
vexity of the valves fK)sse.s.sed by the recently described j^enus CaptfUni*i, 
from the Niagara dolomites of southeastern Wisconsin. This reversal 
of ct>nvexity and predominant' of the brachial (»ver the pedicle-valve 
are well shown on pi. 12, fig. 5. The type of /*. linguifer Stjwerby. P. 
rentricoMHi* Hall (= BarrandeWt; sm(M)th shells with median fold on the 
brachial valve) is represented by P. kraHHopob*kii. nov. 

Among other Silurian forms may also be counted the genus PtiMrtoluM, 
liillings. 

Turning t^) the elements of the fauna which may be regarded as rep- 
resentatives of the American lower IK'vonian (I^ower Helderberg, Oris- 
kany), we shall find them conspicuously few. Isolated sjiecies. I^oHun 
uralirtm^ nov., Orthonyrhia ehngnta Hall, O. ruUfiUm, nov.. present a !)«'- 
vimian asfject. SrhizinluM ? uralirutt, nt)v.. (hinge unknown) has the |)e- 
culiar f<»rm of PaUieoneih leda Hall, of the Hamilton fauna. Atrypa 
sublepida Vern. has the introverted spirals of Atrypina; while it bears 
the e.xternal asi)ect of Co^^wyjira. The sjx'Cies identified as PentantrruM 
acutolitbntuM Sandberger. is a similar shell to the Lower H«*lderber^ 
si)ecies commonly identified as P. gttlfatUM, though more sharply plicate. 
Strophonu>na iragratunniH (iruenewaldt. is a Stropheodouta with the in- 
terplicate cn'nulated surface of N. rarijttrtafa of the Lower Helderberg 
an<l >'. patermni of the rp|K»r Hehlerberg. Orthix Mubrarinatti of lht» 
Lower Helderberg is present in the Siberian fauna. More distinctively 
IK'vonian ly|M*s are found among th«' corals: Amplrxmt, (.'yMtipfiyfbim^ 
IHplorhimt' (Freeh's genus). FunMUeM goldfiOMt, F. polymorpfta, AlreolitfM 
giddfHxMi. 

The determiiuition of this as.semblage as a Devonian fauna seems the 
lt>gical outcome of recent analytical studi«'s of heteroto|M' faunas, which, 
beginning with Kays«T's, of the oldest fossil-b«'aring rocks of the Hartx 
(1S7S). hav»* been proiluctivi* <)f im|K>rtant mmlifications in the current 
intt'rpreiation of various local faunas. Kays^r's tletailed investigation 
of th»' Zorir*' aiuMVit'da Schi«'f«T of the Harlz, which .\. Koemer had 
di'clare<l to hi' of Silurian aire, demonstrated a pr<'<lon.i nance of Devon- 
ian I viM's: lh«" correlati«»ns institute<l bv him bflWrM-n this fautui an<l 
ihosf of th«' Bohemian etair«'s F. <i and H of Harranili*. h'd him to argue 
\\\v farlN Devonian aire of th»* latter also. Novak, Kat/.^r. Harrois. 
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Fr«'ch, Tsch<'rnysch(*w. and si'nmtjiI oUhts, hav«', by contributions dirt*ct 
t)r indirect. endors<Ml and fortifi<'d th<\s»Mb't('rminations, until to-day the 
|M)st-Silurian a«rt' of th«'s»* and t'tiuivalont faunas, includin<r th<* Lower 
Helderber^' of New Yorl\, is no lonjT'^r debatable. All of tbese so-called 
**Hercynian" faunas, so far as they had b<*en previously studied, were 
originally determined as UpfK'r Silurian. Harrande's conception of the 
aj^e of his upi)er elates appli<Ml to them all: admitting: the correlation 
of the normal lTp|>«'r Silurian with his elav:e E. he rejrarded the sup«'r- 
jacent etajc»'S F, U, II, as a continuation of the Silurian not represented 
in Ihe typical sections of (Jreat Britain, thus a y>rM^typical-Silurian. 
The inclusion of all such faunas within the limits of the Devonian is 
simply the placing within the latter time-division a series of faunas 
more or less highly impregnated with derivalivesof the normal Silurian. 
This Silurian element is evident in the Hartx faunas, <lecidedlv more 
conspicuous in the liohemian ^tages and emphatically less pronounced 
in the I^)wer Helderberg fauna. In the correlation of newly di.scoven?d 
faunas with these Hercynian faunas, there may be a predominating 
agreement with the maj<»r Devonian or the minor Silurian element. 
Thus, in Tsehernyschew's list of 140 sjK'cies from this east-Ural Hercy- 
nian, subtracting first 53 new, and undetermined spcH'ies, there are 35 
out of the 01 remaining which are regarded as identical with S[>ecies 
occurring in the I^)hemian etages Fand (J, and of these 35 thi*re are 13 
which also occur in the ^tage K, or normal Silurian. This 35 is certainly 
a large ct»mmonty between so distant faunas, but the large third of 
these, which embotlies the sjM'cific continuations from the Silurian, in- 
dicates what is |x»rfectly clear from a consideration of the other two- 
thirds -of the IJohemian element, that this fraction does not represent 
the Devonian element of the Bohemian fauna.s, but rather its more dis- 
tinctly Silurian or n«'Utral elements. 

Comparison of the fauna with that described by the same author as 
Hercynian on the we.st slop«» of the l^rals, shows a contingent of 28 com- 
m<m species, and this element is, as a whole, more Devonian in aspect 
than the Bohemian contingent. This fact, together with the Devonian 
affinities which areotherwi.se indicated in the fauna itself, shows that 
the east-Ural fauna, if pro|)«»rly regarded as a single faunal assemblage, 
is as weak in Devonian tyjH*s and as strong in Silurian tyjM's as a Devon- 
ian fauna can well be; that is. it indicates, if l>t>vonian ag«', a Devonian 
stage that has heretofore b«'en unrecognized. 

While the conventions of geology, tin* lapses in our knowledge of the 
get»logical record and the tlnitude of human comprehension render nec- 
es.sary the employment of such limi' divisions as Silurian, Devonian, 
etc. (and we an* ilis|M)sed to believe that some f«'W years will have 
elai)se<l before such t»'rms can b«* dis|M'nsf'd with, notwithstanding the 
evident impati«*nce of them nianiffstrd by some of our twentieth cen- 
tury geologists), our concepli«»n «»f ihi' limilati«»n of such lime divisions 
and their faunas must b»' mat^'riallv influ»'nc<'d bv thi* limitation of 
thfir original detinilion. As a s»'ri<s of rucks the npiM-r limit of the typ- 
ical Silurian sectit»n was clt-arh d«fin«'(l. and tim«* lia^ shown that this 



122 The American GcohHjisf. August, 1894 

limit was not only oxw of a •r«'oloj:iral s«'ri«".s, hut lli** dj'ad-Iim* of a larj^f 
mimbcr of orjrainc tyjM's. In th«' typical Devonian si^clions. however, 
tho I(»w»T bouiulary was n<'v«»r ib'tim'd. and En<riisli jrt'olojrisis to-day 
conc«Mlf that th<* «'arli«'st membiTs of th<' I)«'vonian s«'ri«'s an* absi'nt or 
nno.x'iMJsed in lh«*s«' sections. Th«* Dt'vonian system was founded uimmi 
one of the most unfavorabh* and incomphMedevelopmentsof that seriesof 
rocks and faunas known in any part of tlie jrlobe: a more precise scojm' 
WHS jfiven to it h\ the work of its founders, Murcliison and Sed«rwick, 
ill the Khineland. but even there noch'termination of its I(»wer limit was 
made. This admitted hiatus in th<' typical succession of Devonian to 
Sihirian, is the parent of the prolific discussions over •*iK)st-Silurian*' 
and "Hercvnian" faunas. No such discussions could arise in a count rv. 
if there be any such, where the interval is tilled by a complete succes- 
sion. In America, in particular the state of New York, where the 
Lower Helderber«j fauna is typically exhibited. th<»re is an absence of 
physical disturbance in the succession except that indicated by the 
presence of an extensive local accumulation of gypsum, salt, and water- 
limestone, toward the close of the Silurian, but the meajjer fauna of 
these beds is followed by the exceedinjrly prolific on«* of the Lower Hel- 
derberjj, when* but wondrous few of tin* Silurian species apiK'ar. There 
may be a Silurian expression in many p*neric elements in the Low«*r 
Helderb<*rjr. but the entire combination is by no means so early in its 
j^eneral expression, or indicative of .so close ci»m|)lications with theSi- 
urlan. as that of the Siberian fauna which we have just considenMl.* 

The early jfeoloj^ists of the state of New York, working out the clas- 
sification of its rocks inde|)endently of preconceived noti(»ns and alien 
nomenclatures. ai)plied to the formations now embraced under the terms 
Lower Helderberg. Oriskany and I'pper Helderberjr. the name Udd^-rbenj 
ditudon (Mather. Vanuxem), or IFdderbtnj StritM (Kmmons, Hall): thi* 
most sharply defined and widely extended geological terrane in the state. 
There was. indeed, some div«*rgence of opinion as to what should C(»n- 
stitute the basal m<*mber t»f this division. Hall and Vanuxem including 
the Onondaga Salt group. P^mmons omitting it and begintiing the series 
with the IVntamerus lim»*ston«*. The original definition of the Ileldrr- 
bery ditinUm was Mather's and was essentially bas(»d ui)on determina- 
tions mach' by John (iebhard. jr.. in the valley of Schoharie creek. This 
limitation of it begins the series at the bottom with the "Manlius water 
limestones. "and terminates it ab(»ve with '*th«* S««neca limestone of Mr. 
Hall." The approximate accuracy of this lower limit as a line of division 
between the Lowit Hi'hh'rberg and th«' subjacent format ion was after- 
ward I'stablished bv I*rof. Hall. The continuity of the i:n*at series of 
waterlimi»s constituting the upper i»art of the Salt group and the lower 
[>art of the Lower HelderlxTg. makes a division upjui lith(»logical 
grouiuls somewhat uncertain, but the line is fixed, as shown by Hall 
and emphasized by comparison with tin* succession in (Jreat Britain and 
Russia, at tin* disapiwarance of the Hurypttrfix fauna. 

*Kor a review of the Lower HelderborK fauna with efi|>ecial referenco to its Silurian 
and Devoniau olnmenta, i>oe Clarke: The Hercyuiau Question, 42d Kept. N Y. State 
If UB. Nat. Hist., pp. 406-4:r7. lvH89. 
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Tht' fa una of the Ildthrberf/ tlirMon is as sliarply ilffinrd as lh«* tor- 
rain* which b»*ars it. It is mi»r»' prolific in s[M'ci«'s than tiir Silurian be- 
neath or tho faunas abitvc it to Iho bas«*of thcCarboniforcius in thcstato 
of Nt*w V(»rk. As an orpmic comph-x th«* intrrn-hitions of its coin|)o- 
nont faunas aro ex trcmciv ch)seand \v\ Ihov an* all charactiTizcd bv th»* 

• • • • 

acinic development of orjyranic jrroups which ^ive the fauna, taken as a 
whole, an expression as fundamentally <listinct from that which pre- 
cedes (normal Silurian) as from that which follows (normal Devonian). 
We would hi* understcHHl as sayinjr. and tin* truth of the remark must 
be apparent uiH)n even a cursory study of these faunas, that any ipies- 
lion raised in regard to the a«;e of the Lower Helderberj^ fauna must 
concern with ecpial force the faunas of the Oriskany and l'p|M»r Helder- 
berjr. In the brief space to which these remarks must be restricted, 
attention may be direct f»d to such distinctive featun-s as the brilliant 
outburst of the j^(>nus Dalmaniten or Odatiforhile nm\ its midtitude of sub- 
ironeric and si)ecific variations (28 siH'cies), their hijrh ornamentation 
and great profK>rt ions. Foreshadowed in the Silurian by a few simply 
dn*ssi»d sp«*cies, this great group becomi's. to our present knowledge, 
t4»tally and Hnally extinguislu'd (except so far as represented by a single 
s|jecies and variety of Crypfut^uai) with the disapp<*a ranee of the fauna 
of the Corniferous limestone. No such remarkable group of Trilobites 
ap|H*ared elsewhere in Paheozoic hist<»ry, in no other grt»up is such di- 
vei*sity of form, such extravaganci* of size and ornament (save in the 
l^ichadsof the same fauna), and none can be said to more emphatically 
characterize a ix*riod in faunal succession than this. Highly distinct- 
ive features are exliibited by the representatives of other Irilobitic 
genera: CeratoU4'/nu<, Conolit'hax, Dirrauunn*, TenitaHpui, Ancyropyye, 
JIomalonotuM, Phacopa, and Cordania, showing that this crustacean ele- 
m«Mil Is in a pre-eminent degree characteristic and indicial. absolved in 
a truly remarkable manner from entanglement with the trilobitic 
representation in the faunas preceding and succeeding, more strongly 
individualized, more prolific, more extravagantly and |M»culiarly char- 
acterized than that element in either. 

Barrois. in siH'aking of the prolific ilev<*lopment of Pfati/rentM nr Cap- 
itluM in the Oalcain* d' Krbray. in Hritlany. the equivalence i>f whose 
fauna with that of the llrlihrbfry (UriMith he has fully established, has 
remarked that if the old practici' of naming faunas from the pr«»sence 
of certain gen«'ric ly^M's (.\startian. Virgidian. etc.). wen* to be contin- 
ued, the term CapuUan should, par t.rrtf/eiin\ be applied to that. Of the 
capulids in the Helderberg fauna there an* nearl\ one hundred de- 
.scribe<I forms, presenting great diversity in structure and ornament. 
Nowhere else and at no other |M»riod dcM-s the development of these gas- 
trop<xls in any degriM- approach this. 

Of distinctive and exclusive brachiopod ireneric In pes there are many: 
Ort/tonfrophia. Ilippariimifx, l,t pttfniMCti, (lutunnfrttphitt, Anoplin, yfttajthi- 
fia, Mfriata, Vfmriouelhi, liInfin'fn>Mpirit, l*lttfinr!iynfhuH, Sfefioxr/tiMitnt. I'n- 
rinuhin, KattmUt. Ijtptomlia, Autphifp nia, J^fnMsthcrin. Ihnrhin, (frixkifhttt , 
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St'lentfOi; n .si«rnificanl list «'voii wIumi slatj'd in Ihis brii'f form without 
n'f«'n'iu*(' to th»* rnlminalion of otluT <r*Mi«'ric, siibjj:«'n«'ric hiuI siwfific 
tv[M's. or to tli«' importuiit <'vi(l('iip<*ntfi)rcl<*d by tho incofitioii, or absnici*^ 
or dt'cliiu' hi'H* of ty|x'S distiiiciiv*' both jibov*' and bi'low. 

Th«' lamrllibranchs show st'rirs of iiii«'r<'stin*r transition forms: the 
ci'phaloiKKls, sf>ars«» in th«* rarl} sla^»'s but abundant in lh«' later. |k)s- 
sess many hij^hly distinct i\<* •;i»iHM-a. 

T!ies(* Hujrj;<*sli<)ns may bo tak«'n simf>ly as indicative of the constitu- 
tion of the fauna as a wliolr. as t'vidences of an individual r'xpressioii 
which ch»ser analvsis wouUl oidv serve to strtMijrthen. There are h)cal- 
ilies known wherein the faiina of each of the comf)onent staj?es of th*- 
Ilelderberg dirmon is complicated with tluit immediately succeedinjr: 
the liower HelderberL' with the Lower Oriskanv. the Lower Oriskanv 
with the Up|)t*r Oriskany, an<l the Oriskuny with the rp|)er Helderberjr. 
So, also, there are a few places recorded (e. ^., Cass county, Indiana), 
where the Upper Hcld<*rber>( fauna is involved with that of the Hamil- 
t4)n >?r«)Up: more will undoubtedly be found: anything? «'lse would be 
unnatural with an uninterrupted successifm of strata and faunas. There 
is likewis<*, in some resjH'Cts, a palpable approximation in the later 
fauna of this division, to that of the Hamilton and typical I>(>vonian. 
It would be surprising were there n(U. Who will draw th«' line betw(»ei> 
the faunas of the Cambrian and Ordovician? between the Devonian and 
Carboniferous? 

That the fauna of tin* Ilelfierfjerf/ (iiruti*m is not Silurian is demon- 
strat<»d: that it is conse<piently IK'vonian is H,nofiftef/mtur. The IVvonian 
is a peolojrical and paheontolojrical entity which has never been defined. 
As it was oriAfinally simply a name for the interval between the Silurian 
and Carboniferous, so it is to-day. But the fauna of the Ilelderberg di- 
rmtm, or the Hki.dekbkhoian, is as distinctive from that of tin* overlying; 
Devonian as it is fn»m the Silurian, and, as already stated, its represen- 
tation in sjH'cies is quite as prolific as either of the others. The name 
projKJsetl by the state ^(>olo;;ists of Xew York has passed into desuetude, 
jiriving way t4) the procrustean adaptation of a F^unuMMiii nomenclature 
by Europeans (Hij^by, de Verneuil. Lyell): but it is a question worthy of 
c<msideration whether it may not pn^»fitably be revived to express a 
definite jreolojrical and biological (pnintity: not alone as a distinctive 
^(H)lo^ical term, but as even more distinctive of a series of faunas which 
in their entiretv form a binlv as inte«rral and hom«)jr<*neous as anv other 
of the larjre divisions in the organic history of the Paheo/.oic. It is not 
alone in New York or North America that this Uelderhergitut fnuun is so 
clearly develojM'd. Its correlat«*s have been found throughout the world, 
in IJ<»ljrium. France and Spain. <iermany. Hohemia and Austria. Uussia, 
Siberia. South Africa, Brazil antl Bolivia. 

EurojM'an writers hav«' emf»loyed tl»e lerm llereyni'in for faunas. 
e<pilvalenl in wln^N- or part to those of ilu' lleUhrhtrg diriju'tn,. Tin* 
nam*' is an unfortunal** oin', for it has never bem cl«*arl> d«'tiiied. has 
hern applit'«l lo faunas of widely ditfrn'Ut ireolo»rical ai:«' or to certain 
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facifs of (lifr«*n'!U fauims, hihI it may almost b«'sai(] tliat no two writers 
have fully ajrr»M*d as lo its sijrnificanci' or scopi*. It lias, mor*'ov«»r, not 
th»* pn*sti<jp «)f priority, and, iin]«*ss its iisefiiliu'ss can b«' more fully dem- 
onstratetl, should j^racefully yield to the more venerable term. 

.1. M. Clakkk. 

Eiyhtfenth Annual Rrport, for 18U3; Indiana, Department of (ieoUnjy 
and Natural JiejionrrfM. S. S. (ioKBY, State (ieolo^'isl. X)<J pa^es; with 
natural k^s and oil map, and 12 plates of fossils. lndianaiK)lis, 181)4. 
Indiana is a state where the p<»culiarity exists of electing: the state ffeol- 
ojrist by popular vote as the jrovernor or mayor or county surveyor is 
elected. It is, therefore, a more or less |K>litical office, and we see in 
this a H'ason for the frecpienl chanj^es the ottice has underj^one. Since 
K. T. Cox left the )K)sition in 1879, it has been filled by professors Col- 
lett, Thompson and (iorby, and the last named will, we presume, be 
sup«»rs«»d(Hl by .some one else in the near future. This fact is in striking 
contrast with what obtains in some other states. In New York, for 
example, Pn)f. James Hall has been connected with the survey since 
1835, and after an interim of .several years has been in char^re of a new 
survey since 1881. In Minnesota Prof. N. H. Winchell has been the 
state jreologist for the past 22 years; in Pennsylvania Prof. .1. P. Lesley 
has been at the head of the survey for about 20 years: in New .Jersey- 
Prof, (leo. H. C\iok was in charjfe from 18<$.'{ until his death in 1889: and 
in Alabama Prof. K. A. Smith has been in service 21 years as the state 
geologist. It cannot be .said that frequent changes in this office are con- 
ducive to the best scientific work, for a change in the head frequently 
r<*sults in a change in the subordinates, and when this sweeping change 
occurs the new incumbents must frecjuently relearn much that the 
former officials were jx^rfectly familiar with. 

In the present instance, as has occurred before in geological reiK)rts, 
the chief geologist furnishes an introduction to the vohime. Here it 
occupies 8 pages and the remaining 340 are filled by rep<»rts from the 
assistants. Mr. ('has. R. Dryer disc us.ses the geology of Noble and La- 
grange counties and the drift of the Wabash-Erie region. W. B. Van 
(•order gives a catalogue of the plants of Noble county. Thos. Mc- 
Quade rep<)rts as insj^ector of mines: N. J. Hyde re[K>rts as ins{)ector of 
oils: K. T. .1. Jordan as suiK»rvisor of natural gas. Here cognizance is 
taken of the fact that the supply has been wantonly wasted and rec- 
ommendatit)ns are made for the conservation of the precious fuel. 
Many of the wells show a decrease in pressure and volume, many others 
are already exhausted, and the new on«'s that are bring drilled ilo not 
show anything like the pressure or volume of the gn-at "gassers" .st> 
common at first. E. P. Cubberlv discusses the structural featun's of 
the state as revealed by th«* drill in a s»*ries of sections made in various 
directions across the slate: and finally S. A. Miliar suppli«'s the pah'on- 
tolngy. 

Then* was a tim«' whrn the pag«'s of tin- Jounuil of ih«' i 'incinnuii So- 
cietv of Natural Historx wi-n* lar«'»*I\ us«'d U\ Mr. Milh'r in his<h'scrip- 
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tioiis of now siH'cios, but of late years he lias been coiitpibutiii*: larjjely 
to lh<* publicalions of Hn' States of Imiiaiia and Illinois. In the present 
instance he has 100 paj^'es devoted to fossils. This section was issued 
as a separate in September, 18J)'2. separately pa«r«'d. There is no men- 
tion of this fact in the iiresent voliimo, which is t() be regretted, since 
there may be in time, when the species come to be referr<*d to, stjme 
ditticulty about ascertaining? the dite of first piiblicalion. Many |)ersons 
will see this volume who will not know of the separates, and err(»rs of 
rf'ference are likely to result. There are 7(> new si)ecles described, and 
it is interesting to note that of these less than one-half (H6) are from 
Indiana, most of the others beinf,' from Mis.souri. It is also noticeable 
that only 12 out of the 7(5 are in the state museum at Indianapolis, the 
other tyjH's beinir iu the collections of Mr. Miller and other )urf*ntlemen 
who have c«)llccted them. .i. F. J. 
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r. Gorernmeut and State lit ports. 

Iron Ores of X<irth Carolina. Hv H. H. ('. Nitze. North Carolina 
Geol. Survey, Hull. No. 1, 2:m passes, 20 plates. \^W\. 

Eleventh Annual Re|K)rl of the Statt» (ieolo<;ist (N. Y.), f<»r the year 
1891. contains: lieiiort of the State (ieolo^:ist, James Hall: Catalojnie 
of the collection of ;?eolo«rical and pah«ontolo;rical specimens donated by 
the Albany Institute to tin* State Museum, .1. M. Clark«*: List of the 
original and illustrated s|)ecimens in the paheontolo^ical collections: 
Part I, Crustacea. .1. M. Clarke: On Cordania, a pro|K)sed new jjenus of 
irilobites. J. M. Clark«': An introduction to the study of the HrachioiM»- 
da. intended as a hand-b<H»k for tin* use of students. .Iam«*s Hall, as- 
sisted bv J. M. Clarke. 

Twelfth Annual Ke|)ort (if tin* State (Jeolo«;isl (N. Y.). for the year 
1S92. contains: UejKjrt of the State (Jeolo^rist. .lajnes Hall: K«*|K>rt of the 
Assistant Pala'ontolojrist. .1. M. Clarke; List of the oriirinal and illu.stra- 
led specimens in the paheontolojrical colh'ctions: Part 11. Annelida and 
CeplialojxHla. .1. M. Clarke; Notes ujxin two boulders of a v(»ry basic 
eruptive rock from the west shore of Canandai^rua lake, and their con- 
tact |»henomena uikmi thi* Trenton linn'stone, B. K. Kmcrson; The IK*- 
vonian section of central New York alonji the I'nadilla rivi'r. C. S. 
Prosser. 

The Trap Dikes of the Lake (*hainplain Rejrion. \\\ . ,1. V. Kemp 
and V. F. Marsters. V . S. (mmjI. Survey, Hull. HM». r»2 paires, \ plates, 
ISOIJ. 

The Kruptive anil S<'dimentar\ Hocks on Piireon Point. Minnesota. 
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and tlH'ir Con tact Plu'nomrna. By. W. S. Baylcy. V. S. (icol. Siirv<'y, 
I^iill. l()i>, 1*>1 pajjfs, Hplatos, 189:{. 

Annimt K(»p<)rt of tlu* Smithsonian Institution. 181)2. contains: (Jeolo*:- 
ical chan/Lfo and lime, Arciiibald OiMkif-: (J(H)lojrical iiistory of tlu* Y«'l- 
lowstono National Park, Arnold Hajru**: Soaping )fcys<'rs, Arnold Hajjuo: 
Continental problems of ji^eolo^y. (J. K. (iilberl: Crystallization, (J. I). 
I-iiveing; The rejuvenescence of crystals, ,1. W. .ludd. 

The relation of bioh)jtry to geological investigation. Hy C. A. While. 
Kept. U. S. National Museum for 18»2, pp. 245-368. 

Note on a blue mineral, supposed to be ultramarine, from Silver City. 
New Mexico. Hy li. L. Packard. Proc. U. S. National Museum, vol. 
17, No. 078. 

F«)rty-fifth Annual Report of the Regents of the New York Stale 
Museum, for the year 1801, contains: Report on a deposit of marl and 
l»eat in the town of New Baltimore, W. B. Marshall: Ref)ort on the de- 
velopment of the Salt industry of central New York for the year 1801, 
I. P. Bishop: also the palmers listed under the 11th Ii«'jH»rl of the State 
(Geologist. 

Forty-sixth Annual ReiM>rt of the same, contains: Pajx'rs listed un- 
der the 12lh RejMjrt of the State geologist. 

Twelfth Annual RejH)rt of the United States (ieologlcal Survey, Pt. 1 
((ieology), contains: Re|)ort of the Director, J. \V. Powell: Administra- 
tive Rei)orts: The origin and nature of soils, N. S. Shaler: Hie Lafay- 
I'tle formation, W .1 McUee: The North American continent during 
Cambrian time. C. 1). Walcott: The eruptive rocks of Electric i^'ak and 
S«'pulchre mountain. Yellowstone National park, .1. P. hidings. Part 
II is devoted to Irrigation. 

II. l^ortedingx of Seientifie Socit^tirx. 

Annals of the N. Y. Academy of Sciences, vol. 7. nos. 0-12, March, 
18JM, contains: The granite of Mounts Adam and Eve, Warwick, Or- 
ange county, N. Y., and its contact phenomena, by .1. V. Kemp and 
Arthur HoUick, with an appendix containing a list and bibliography of 
the minerals occurring in Warwick township, by Heinrich Ries. 

Bulletin of the (Geological Society of America, vol. .'), pp. ol.'j-iMJo, 
contains: Eastern boundary of the Connecticut Triassic, W. M. Davis 
and L. S. Griswold: Pleistocene problems in Missouri. .1. E. Todd: Pro- 
ceedings of the sixth annual meeting, held at Boston. Dec. 27, 28 and 
20, 1803, H. L. Fairchild: (MM)logical writings of Alexander Winchell; 
(teological writings of Charles Albert Ashburner. F. A. Hill: (t«»ological 
writings of David Honeyman, .1. (i. Mcliregor: Geological writings of 
(teorge H. C«»ok. .1. C. Smock: (ieological writings of Richard Owen, .1. 
Stanlev-Brown; Fossil flora of Alaska. Frank H. Knowlton : .lohann 
David Schoepf, and his contributions to North American gi'ology. (i. 
H. Williams: the later Tertiary lacustrine formations of the West. W. 
B. Scott: Volcanite. an anorlhoclase-augite rock ch»'mically like ih«* 
dacites, W. H. Hobbs: (Jeographical work for state geological surveys, 
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W, M. Davis: tin* anci«'iit slrjiit jit Xipissiiiif, F. U. Tavlor: Micr()sc(»pic 
structure of silicious (>(">lit«*, E. O. flovex . 

Iff. f*ajterH in .Orient ific JounuiU. 

American .fouriial of Science. 3. vol. 47. May, 181M, contains: Obser- 
vali(Mis on the di*rivatiun and homolo^ries of some articulates, J. 1). 
Dana: Crvstallizalion of lii-rderite, S. L. Penfleld: Additional note on 
leucite in Sussex Co.. X. .1.. .1. F. Kemp: Phonolitic rocks from the 
Black Hills. 1.. V. Pirsson: (ieneral structure of the main axis of the 
tlreen Mountains. ('. L. Whittle: Notes on apparatus for the jreological 
laboratory. .1. E. Woltf: Diversity of the (JIacial drift alon*: its bound- 
ary. Warren Upham: (iases in Kilauea, W. Libby. Jr.: Presence of wa- 
ter in topaz. P. .lannasch and .1. Locke: Chemical comiM>silion and r<»- 
lated physical pro|M»rities of toi)a/., S. L. Penfl«'ld and .1. C. Minor, .Ir.: 
Restoration of Elotherium. (). C. Marsh; New Miocene mammal,!). C 
Marsh. 

American .lournal of Science. 3. vol, 47, ,fune, 181»4, contains: Notes 
from the l^ermudas, Alex. Apissiz: Discovery of Devonian r(»cks in Cal- 
ifornia, .1. S. Diller and Chas. Schuchert: Heaver Creek meteorite, K 
E. Howell, W. F. Hillebrand, and G. P. Merrill: On allanite crystals 
from Franklin Furnace. N. J., A. S. Eakle: On arj^yrodite and a new 
suljjhoslannate of silver from Bolivia. S. L. Penfleld: Notes on the pold 
ores of California, H. W. Turner: A recent analysis of Pele's hair and 
a stalagmite from the lava caves of Kilauea, A. H. Phillips. 

The Journal of (Jeolojfy, vol. 2, No. 3, April-May, 1894, contains: The 
oil shales of the Scottish Carboniferous system, H. M. Cadell; The Cre- 
taceous rim of the Black Hills, 1^. F. Ward: On Diplograptidw. Lap- 
worth. Carl Wiman: Oeolojrical Surveys in Alabama, E. A. Smith: The 
sup*'rflcial alteration of ore de|K)sits, H. A. F. Penrose. Jr.: Studies for 
students: Erosion, trans|M>rtation and sedimentation |H'rformed by the 
atmosphere. J. A. Udden. 

American Naturalist. June. 1894. contains: A glacial ice dam and a 
limit to the ice-sheet in central Ohio. W. (i. Tight. 

National (ii'ographic Magazine, vol. 0, pp. <k{-128. May %\, 1894. con- 
tains: (Jeomorphology of the southern Apimlachians. C. W. Hayi'S and 
M. U.Campbell. 

IV. KtrerptM and Indiridual f*vblicati4ms. 

Tin* work and scoim* of the (ieological Survey. By C. K. Keyes. Iowa 
(ieol. Survey, vol. Ill, Ann. Kept, for 189.1. pp. 47-98. 1894. 

Sketch of the coal de|K>sits of Iowa. By C. U. Keyes. Mineral Ue- 
.sourcesof theCnited States for 1892. pp. i:{8-144, 189:{. 

Natural gas and oil in Iowa. By C. K. Keyes. 

Cretacious formations of northwestern Iowa (abstract). By C. R. 
Keyes. Proc. Iowa Acad. Sci. for 18tK{, vol. I. pt. 4. pp. 24. 2.'). 

Derivation of the I'nio fauna of the northwest. Bv C. K. Kev«'s. Proc. 
Iowa Acad. Sci. for 189.']. vol. I. pi. 4. pp. 2r»-29. 

Vertebrata from the Neocomian of Kansas. By F. W. Cragin. Fifth 
Annual Publication of the Colorado College Scientific Society: 4 pages. 
1894. 
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Strucliin* of tlic Mystic coal basin. Wy H. FoshT Haiu. Proc. Iowa 
Acad. Sci. for 18J):j. vol. I. i>t. 4, pp. 'X\-M\. 

Sijrournev (Ici'p well. Hy If. Fosti*r Haiii. l*i-oc. Acad. Sci. for l.S'.KJ. 
vol. I, pi. 4, pp. :{G-:i8. 

Muir Glacier. Hy S. P. Baldwin. Tin* lifhijrli Qiiart»'rly. vol. II. no. 
l.pp. :J-12. .Ian., 181)2. 

Not<*son llu' low«'r strata of th»' I)<*vonian scrips in Iowa. By W. H. 
Norton. Proc. Iowa Acad. Sci. for 181)'{. vol. I, pt. 4, pp. 2*2-24. 

Th«" zinc-on'-d»*posits of soulliwrstrrn New Mexico. By W. P. Blak«*. 
Trans. Amcr. Inst. Mining Knjrinecrs. Virjriiiia Hvach nu'etinjr, Feb., 
181M: imj:«'s. 

Mem(»ir of Fi'rdinand Vandivcer Haydcn. By C\ A. AVhitc. National 
Acad. Sci,, pp. ;{S)5-4n{. 181)4: witb portrait. 

Additions to the pala*ontology of the Cretaceous formation on Lon^ 
Island. By Arthur Hollick. Hull. Torrey Bot. Club, vol. 21. pi». 41M;:>, 
7 plates, Feb. 1894. 

Some furthur notes on the jjeolojjy of thi' north shore of I^onj; Island. 
By Arthur H(»llick. Trans. N. Y. Acad. Sci.. vol. 13. pp. 122-i:{2, 1894. 

The Rensselaer jrril plateau in New York. By T. Ni'Ison Dale. l.'Uh 
Ann. Kept.. V. S. (Jeol. Survey, pp. 201-:i4O, pis. 1)7-101. 181)4. 

Facetted pebbles on Cape Cod, Mass. By W. M. Davis. Proc. Boston 
Soc. Natural History, vol. 2<J. pp. 106-175, 2 plates. 

A summary of progress in mineralojry and |M*tro;:raphy. By W. S. 
Bavlev. From monthly notes in the American Naturalist: (reoloirical 
Dept.. Colby University, Waterville, Me.. 181)4: price 50 cents. 

An orbicular granite from Quonochontojrue Beach, Rhode Island. 
By ,1. F. Kemp. Trans. N. Y. Acad. Sci., vol. 13, pp. 140-144. pi. 2, 
1894. 

Notes on the l^ower ('oal Mi'asures of western Clearfield county, Penn- 
jsylvania. By .1. F. Kemp. ScIuhjI of Mines Quarterly, pp. '{41)-J{53, 
.lulv, 1893. 

A Pleistocene lake-b<Hl at Fli/abethtown. Kssex county. New York. 
By Heinrich Ries. Trans. N. Y. Acad. Sci., vol. 13, pp. 107-109. Nov., 
1893. 

The old Tele^'rai)h mine, Bingham Canon. Utah. By Clarence Fen- 
ner. Sch<H)I of Mines Quarterly, pp. :i35-3<K), .luly, 1893. 

Illustrations of the fauna <»f the St. John jrroup. No. VIII. By (i. F. 
Matthew. Trans. Royal Soc. Canada, Sec. IV, 1893, pp. a5-129, 2 plates. 

(imwth of Iowa's coal industry. By C. R. Keyes. Iowa Wi'atherand 
Crop Service, vol. IV, no. 12, pp. 5-7, D<'c., 1893 

What the Iowa (ieolojrical Survey has bern doinjr. By C. R. Key^s. 
Iowa Weather and Crop Service, vol. V. no. I. pp. 4-1. .fan., 1894. 

The sreolojrical majjpinj? of Iowa. By C. R. Keyes. Iowa W»'athi'r and 
Crop Service, vol. V. no. 2, pi>. 4-0. Fi'b.. I89I. 

Southern extension of lh«' Cretaceous in Iowa. By K. H. Lonsdale. 
Proc. Iowa Acad. Sci. for 1893, vol. I. pt. 4. pi). 39-43. 

ToiM»4rraphy of the <:ranile and iM»rphyry retrion of Missouri. By K. 
H. Lonsdale. Phk*. Iowa .\cad, Sci. for 1H93. v(»l. I. pt. 4, pp. 4.3-48. 
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Proct^ss of formal ion of crrtiiin (|iiarlziU?s (abstract). H\ ('. U. 
Ki'VfS. Pvoc. Iowa Acad. Sci. for IHIKI. vol. I, pt. 4. pp. 2i)-:n. 

I(»wa jrypsum (l»*posit.s. By ('. I{. Kcycs. Iowa WcatluT and Crop 
SiTvicc. vol. IV. no. .*{. pp. '2-4, March, IH\)'\. 

The |if«»olojry of the proposed tiinni'l under th«' Northumberland Strait. 
By K. W. Klls. Trans. Boyal Soc. Canada. Sec. IV, 1898, pp. 75-84. 

Popular lieclures and Addn'ss«'s. By Sir William Thomson (liaron 
Kelvin). Vol. ii. (Jeolo>;y and (ieneral Physics. 51)1) pa^es. 12mo: Mac- 
millan iV: Co.. 1894: [Hice ^'2. 

r. Foreign l^ubUcntioni*, 

Sverijres (ieolo;riska rndersiiknin^, S«»r. (', Afhandlin^ar och Uppsal- 
.ser, contains: No. 112. Sveri^res kambrisk-Siluriska Hyolithidip och 
C'onulariida* (with an Kn^lish summary), pp. 1-lOJ), plates, (Jerhard 
Holm: No. IH). Om kvartsil-sparajrmitomrftdet i Sverijjes sydlijra 
fjelltrakter. pp. 1-20, A. (i. Ho^bom: No. 117. Bidra^ till kftnnedomen 
om de ^laciala fOreteelserna i Norrbotten, pp. 1-38, 1 map, K. A. Fred- 
holm: No. 118, Skotska by^^nads.sAtt fOr naturli^ sten, pp. 1-10. 1 
plate. Hjalmar Lundbohm: No. 211). A^ronomiskt botaniska studier i 
norra Dalarne &ren 181)0 och 181)1, pi). 1-(K). A. (J. Kellj^n-n: No. 120, 
Untersuchunjren Uber fossile Holzer Schwedens. pp. 1-1)1). 11 plates. H. 
Conwentz: No. 121. Om mynninj?en hos I^ituites, pp. l-4(i, .'i plates. 
(Jerhanl Holm; No. 122. Mt^ddelanden om jordstOtar i Sveri>?e, II, pp. 
1-22, K. Svedmark: No. 12:{, Anti'ckninjjar frftn en i praktiskt syfte 
fftretajreii jreologisk resa i Vesterbottens Iftn, pp. 1-14, Albert Blomlwrj?; 
No. 124. Sludii'r ofver de ;;laciala afla^rin^arna i Upland, pj). 1-24, 1 
plate, A. (i. HOgbom: No. 125, Om skitfern med Clonoj?raptus tenelhis, 
dess fauna och ^eolo;^iska ftlder, pp. 1-10, I plate. J. ('. Mober^r: Om en 
nyupptAckt fauna i block af kambrisk sandsten. ]>]). 1-18. 1 plate, .1. (\ 
Mt)berjr; Om n&^ra nya jrrapt4»liler frftn Sk&nes undre jujraptolitskitfer, 
pp. 1-18. 1 plate. J. ('. Moberjr: Till frft^en om pyjfidets by^^nad hos 
Ctenopy^e p«»clen. pp. 1-5. J. ('. Moberjr; Om dem af Trinucleus cos- 
cinorrhinus Ang. karakteriserade kalkens ^eolo^iska ftlder, pp. 1-4, .1. 
('. Mober^: No. 120, Om berjrjrrunden i Norrbotlens Iftn «»ch ulsijrterna 
till brytvftrda apatitfOrekomster derstftdes, pp. l-4i]. 1 map, Kredr. 
Svenonius; No. 127. Apatitfftrekomster i Norrebottens malmber^r, pp^ 
l-!i8, Hjalmar [.lUndbohm; No. 128. Om mftrken efter isdftmda sjOar 
i .lemtiands fjelltrakter. pp. 1-22, 2 plates. A. J. HOjrl)om: Om inter- 
^laciala afia^rin>;ar i Jemtland. pp. 1-17, A. (». HOjrbom: No. 12t), 
Om stenindustrien i Fftrenta slaterna. pp. 1-.T2. Hjalmar Lundbohm: 
No. 130, Bidra}^ till kftnnedomen om lajrerfOljden inom den kambriska 
sandstenen, pp. 1-17. N. O. H«>lst: No. 131. Praktisk ^eolojriska under- 
sOknin^ar inom Hallands Ian: Beskrifnin^ till v^eolo^isk jordartskarta 
ofv«»r Hallands Iftn. (ierard IK' (Jet^r. .1. .IOns.son. P. Dus^n and Th. 
Palmberjf: Beskrifninj: Afver berjrjrrunch'n inom HallandslAn. pp. 1-10. 
K. Svedmark: No. 132. Om Berjrjrrunden i Vesternorrlands kusttrakter, 
pp. 3-8, Hjalmar Lundbohm: Om |M)starkftiska eruptiver inom del 
svenskflnska urber;rei. pp. 9-10. 1 plate. A. <i. HAjrl>oni: Om de s. k. 
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urKraiillcrna i rplaiui, pp. 41-74, A. (i. HOjrbom: No. i:W, Om d«- |H)r- 
fyriskn Ar&n>rb«'rjfK.terna i Oslra SmAlaiicl, pp. 1-28, Otto Nordeiiskjftld; 
No. i:i4, Om hasst'lris foriJtida och nut Ida utbnMinin^ i S\MTi>^«', p|>. 1- 
;i2. Hrrmaii HrdstrOm. 

Th«' (ilacialists* Maj^aziuf. vol. 1, no. 7, PVb., ISIM. contains: S«'C- 
tions in the drift at Sh»»lton, Hanloy. F. Hark<': Tht' caus<' of th«' let' 
a>(<*, abstract of pajM^r by Marsdon Manson: The ^reat subm<'rK«*nco, 
Kit ward Hull. 

Mathi»matisch«» und naturwi.sscnschaftiiche Mitth«'ilun>?(»n aus (h'n 
Sitxun^rsb. der k. pnMissisciien Akad. der Wissens. zu li«'rlin, H»»ft viii, 
Oct., ISlKi, contains: I)i»* (iliiHh'ninjr der ober Krcidc» in Friaul, Karl 
FutteriT. 

The same. Heft i.\, Nov. 181):{, contains: Suifoborit, ein neues krys- 
tallisirtes liorat von Wcsterejrln, H. HUckin^. 

The same. Heft x, Dec. IHIKJ, contains: Teber die (iliederunjr der 
FlOtzformationen Heijroiands, W. Dames: Mitlheiiunjren /.ur Kennt- 
niss der rejrulftr krystaliisirenden Substanzen, Ludwi^ WidtT. 

Vierte! jalirsschrift der Natnrforsclienden (Jeseilschaft in Zttrich, 
Jahrjf. :W, Heft :i-4. hSlKJ, contains: Teber Neocomian-VersteiniTiin- 
^en aus dem Somali-Land. ('. Mayer-Kymar. 

Zeitschrift der (Jesellschuft ftlr Krdkunde zu Merlin, Hand :W. IWm, 
No. 5. contains: Devonische Versteinerunj^en von La^oinha in Mato 
(iroHSo (Hrasilien). Ludw. v. Ammon. 

On the s«Mpienceof p«'rlitic and spherulilic structures, a rejoinder to 
criticism, Frank Uutley. Quart. .lourn. (Jeol. Soc, vol. 50, pp. 10-14, 
1 plate, 181)4. 

Anales del Museo Nacional de Montevideo, I, 1894, contains: Mem- 
oria >?eolo^ica s<»bre la formacion del Kio di' la Plata, D. A. LarraHa^a. 

Bulletin de la Sociele <les Sci«Mices Natun'lh's de I'Ouest de la PVance, 
Ti>me :{, No. 4, contains: Additions a la tlore eocen<' du IJois-CiouL^t, 
Kd. Bureau and N. P:itouillard: Notic** explicative de la Feuille ^'eol- 
o^ique de Vannes, Ch. Barrois. 

Bulletin de la S«>cieto (u'olo>ri(,u,. de Franc*. W Ser., T. 21, 18J):{. No. 2, 
contains: Note sur les phenomt^nes de rt'couvrement des environs de 
Toulon, Ph. Ziircher: Becherches sur le Lt>pido<iendron sela^inoides, 
Slernb., Maurice Hov«*lac<pu*: Sur le Tertiaire sui^'rieur de I'Al^erie, 
M. Peron: Allocution presulentielle. Michel Levy: Kap{M)rt sur le prix 
Fontannes, Marcel Bertrand: Note sur un ^\W cuivreux <rori«rine vol- 
canitpje du Caucase meridional, M. ('ha|M*r: Notice ;reolo;ri<|ue sur h's 
environs de M^nton. (». Banui: Not** sur les ^«'nn*s Trillina et Linderina, 
('. Schlumberv'er: Sur \v |N»rmi»*n du massif di* la N'anoise. P. T«'rmi»*r: 
[-•e Quaternain* du max <i*Azil. M. Tardy. 

The same, :{ Ser.. Tome 21, 181KJ. No. I. contains: Sur un ;risi'm«'nt 
d'ammonites dans !•• Lias calcain* d«' I'Oisans. P. Termier and W. 
Kilian; Sur la jreoloiri** ih«s mvirons d»' liu^arach rt la crai»* d«*s Cor- 
bi^n-s, A. de (irossouvn*: La fauna de Pikermi a Amberieu (Ain). M. 
Boistel: Sur le j:is«*nn'iil •'! la sijrnittcation ih-s fossiles Albii*ns th's P\ re- 
nees occidt'Utales, M. Stuart-Ment«'at h: Not«' sur !•• Cambrii'n d»' THe- 
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raiilt (Camhrian aiiu'lais). V. (i. dc KouvilU': Notrs paleoiitolojricjups, .1. 
HrrirtToii. 

(M*olo«riska F(»n'iiiii«rtMis i Stockholm l'Y>rhan(lliii»rar, Haud Hi, No. 
l.V). .Ian.. 189-1, contains: Dm biolo*risk iintlcrsoknin;^ af leror o. s. v.. 
HtMir. Miinthc: Om nordv&slra KannTunomradcts jrcolo^i. P. Dusen. 

Th«' same. Hand Hi. No. l.Ki. F«'b.. 181)4. contains: Knopit. ptt 
pt'fowskit narst&«M)d«\ nvtl min«'ral fr&n AhuMi, P. .1. HolnKpiist: Flott- 
holmcn i s']i\u Ral&ijp'n, Victor Ob^Tjr: Tviinnr nyuppUickta svcnska 
klotjrranitcr. lH*l;rc Hjicksirom: (i&n>rformi<ra malmbildninjrar i Norr- 
bottcn, a. Li*»fstrand: Om kcntroiil ocb m«'lanot«*kit, (i. Nordenskiold. 

Z«'itschrift fiir praktisclic (»«*olo»ri«'. March. 181M, contains: (JimiIo- 
;rischr Spi'cialanfnahmi' von Italien. Aiijrnsto Stcihi: Die Zink- und 
Hl»*i<'rzbcr«rbau«' bri Hubhmtl in rntcr-Kiirntrn, U. Uoscnh'ch«'r: Setzi* 
die Saarbriicker Steinkohlenformation unler dcm |>fal/ist*lien Dt'ckjre- 
birjr*' fort ?. I^. K<»scntlial. 

Natural science in Japan. Hy V. A. leather. Natural Science, vol. 
IV. pp. 19-20. 98-111. 18:M9:J. 

Notes on tlu' occurrenc*' of mammoth-remains in the Yukon district 
of C'anada and in Alaska. Hy <j. M. l)awsi)n. Quart. Jour. (Jeol. Soc. 
vol. I. Feb. 1891. t) pajres. 

Lunds Vnivi'rsitets Ars-Skrift, tom, XXIX. 189*i-9:{. contains: Obser- 
vations on the structure of some Diprionida'. Sv. Le(»nh. Torncpiisl. 

The (ieolojrical Majrazine. April, 1894, contains: On the structure 
an<l artinities of the ^enus Soleno|M)ra. tojrether with descriptions of new 
s|M'cii's. Alex. Hrown; On thi* sand-;rrains in micaceous »rneiss from the 
St. (tothard tunnel, and on some otlu'r tlittlculties raised bv Prof, lion- 
iM*v. F. M. Staprt': The Mammoth aj^e was contemporarv with the ajre 
of tin* «rn'at jrlaciers, H. H. Howorth: Further remarks on the Tertiary 
(Kocene) insects from the Isle of Wi»rht, and on others from the Lias 
and Coal-Measures. P. H. Hrodie: Cordierite in the Lake district. Alfred 
Marker: Jurassic ammonites, noti'son a pami)hlet b\ Dr. Kmle Hau^, 
S: S. Huckman: ^'reservation of fo.ssil plants. .\. (". Srward: The ;rreat 
Japan«*se earthquake, .loseph Pn'stwich. 

KelMjrt on Mount Moriran •roNl de|K»sits. H\ U. L. .lack. K(*printeil 
for tin* Mount Morpin Mininir Companv, Limited, from an «>lticial 
nport ordfp'd bv the !>e«rislative .Vssembly to be prinl«'d. No\ . 21. 1884. 
I'/. Ptun'('t*fi}i(ff< of Sriciiiijjr l,abortitiH'irM, //<♦. 

Th«' Kansas Vniversilv Quarterh . vol. 'I. No. .'i. .Ian.. 1891. c<Mitains: 
|{«'|M»rt on Held work in tfeolojry for tlu' season of 1S9){. by the depart- 
ment <»f phvsical L'eojoirN and mnn'ralo'TN . rni\ersilN «»f Kansas (Pre- 
fatory n(>tes. K. Ilaworlh: K»'lativr valu«' of limest«Mie. sandstone anvl 
shale for stratiirraphic work in Kansas. F. Ifaw(»rth: A ;:eolo;rical sec- 
tion alonjr the Neijsho river fn»m the Mississippian series in the Indian 
T»*rritorN to White ( 'it n. Kansas, and alon*^ the Cottonwood riv«'r from 

• • • 

Wxckotf to P«'abody. K. Haworth and M. Z. Kirk: .\ ;reolo^nc .section 
ahuiir the Verdiirris river from lh«' slat«' lin«' to Madi.son. K. Ilaworth 
ami W. H. H. Piatt; \ jreoloiric secti<Hi alonj: the .\. T. iV S. F. H. U. 
from Chrrrxvah' to Lawrence, and from Ottawa t<» Holodav. K. Haw- 
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orllj; R«'sumi' of tli»» stralijrrapliy of ♦•jistiTU Kansas. K. llaworlh: TIi«' 
t(>I>«>irraphy of i*asti*rn Kansas, K. flawiirtli: Siirfacr <rrav(*ls in «'asl«'rn 
Kansas, K. Haworth). A ^i*()lo«;i{*al n*ronnoissanc«' in soiilliwi*st«'rii 
Kansas and No Man's I.ind. K. ('. Cast': Traces of a ;rlaci«*r at Kansas 
City. Mo.. K. ('. Casr: N«'W jr<M»<'ra and spi'cics of l);>iichopodida*. .1. M. 
Aldrich: D.-scrijitions of North Ann'rican Trypclida*. with notes. I*art 
I. W. A. Snow. 

The Srhool of Mines Qinirl<*rly. vol. M, no. 2. .Ian.. ISIM. contains: 
Acanthite from Colorado. A. H.Chester: lnde.\ to mineralojrical litera- 
ture, A.. I. Moses and I.. McI. Liupier. 

Johns Hopkins Cniversity Circulars, vol. \\\, No. 112. May. ISIM. con- 
tains: On the attractions of crystalline and isotropic ma.sses at small 
distances (abstract). A. S. Mack«*n/.ie; Notes on crystals of sca|)olite. 
<r> psiim and fayalitt* recently ac(piired by the University cabin«'t. (J.O. 
Smith: Note on an apittite crystal fn>m Alexander county, N. C.. li. M. 



Prindle. 



CORRESPONDENCE. 



ThILOIUTKS IXTIIK *'OiL-R0CK*' HOHIZONOKTIIK TkKNTDX I.I.MKST()XK. 

Tln' rpper Klue limestone mt^mtK^r of th»* Trenton jrroup in the lead re- 
gion of Wisconsin is jfeni'rally hijrhly fitssiliferous. Thi're are, however, 
considerable local differences in the grouping of «rf*n<'ra and s|H*cies. and 
es|M'ciall\ as to(piantity and condition of |>re.servalion. At one of the 
mines of lead and xinc ore of the Wisconsin Lead and Zinc Company in 
the township of Shullsbur«r. Lafayette county. I have recently found 
sevi'ral sjM'cies of t rilobites in a remarkably ir<MKl state of preservation, 
and showing' details of structure' \nA usually sren. Thus, aside from the 
interest attaching; t<» the discoxrry of so man> of thes** or^ranisms in 
close associati(»n with lead and zinc ores, the locality promises to afford 
valuable material to the si)ecialists who are n(»w inv<«sti«ratin^ tlu* struc- 
ture of lril<»l>ites. an<l who ha\«' of late so irreatly e\t«Mi<led our knowl- 
edife (if it . 

Th»' ;renus f'trn'/rtf.^ is the nio>t fretpimtly represented. In most of 
the sp<'cimens the shell n-mains in the nx'k. but in an extrem«'ly soft 
and frairile condition, wliiie ami ciialk-like. much n's«'mblin;r einxslu'll. 
but not s(» hani or touirh.* \Ui\ ail the minute details (»f llu* shell are 
wt'll preserved anil may b«* seen n<»t only upi»n the shell, whrn it can l)e 
saved, but upon the casts in thi* rock, both above and brlow. It is not 
I>i>ssibh' to obtain <'omplete indi\ iduals. but in breakinir up the rocks 
when* many of the fossils are «:rouped loyrriher som** frairments (>\hibit 
oni» portion and some another, so there is little ditlictdty in makini; out 
the entire structun*. 

The cephalic |M)rtion of CrruuniH is the most abundant. There ap- 

•Fragnients are rapidly dissolved with effervcscciKe by hydrochloric acid. 
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|H*ar lo bo two .s|M'cii's: our of ih»'m is probably i\ pUiurexanthtmuM; ih«* 
othor species, which remains iiiKh*l»'rmiiH'd, is smaller and h»ss abun- 
dant. It is notc«>rtain to wiiich of th«*si* si>«'ci«"sth«' caudal spin«*s found 
associat«»d with th«»m should b«* r«*ft'rn*d. 

Tht*re ar»' two otht'r irilobites: one is a^mall sp«*cies, appariMitlya Ihil- 
t/Muiti, of which tin* py«ridium alono is found: and the other is supix>sed 
to be a S|M'cies of Kttrriinirun^ also in frajrments. Another form ditFers 
fn»m any described in the Wisconsin re|H)rts, bi'inv: less rotund and 
slH)wing thethree h)bes by slijjht depri'ssions in the sm(M>th surface uf 
the pyjridium. The outline is parabolic. The axial or medial lob»' is 
fully one-third of the breadth, anteriorly, but it tafXTS rapidly |H»»teri- 
orly» with the sid<*s incurved. This axial h)be is only sli^rhtly convex, 
but the lateral lobes slofM' downward steeply toward the margin, thus 
pres»Mitinj? an outline in crosyy-seclion very different from any floured in 
the Wisconsin n'porls. Possibly these should be reftrrred to Awtphnn. 
The form of some of thi* frajrmeuts of the r<*phalic shield favors this 
view. 

Amonjjfst the other assi)ciated fossils in a ^iM>d state of preservation are 
two or thn'i' sjH^cies of Orthin and Murchisonia: one of OrfhonntMi (^ypri- 
earditfjt, Wfphuitonui, IIifoUtfwM, Streptdanma, and encrinal stems. Thes«» 
may not all be from one stratum, but they are thrown out from the 
same mine and an* at least in neighboring layers and contiguous lo a 
de|K)sit of galena in a layer with calcite in a blue clay. The horizon of 
all the fossils is the ''oil-rock" or bituminous shale series of thinly bed- 
ded limestones, at the top of the Blue limestone of the Trenton and at 

the base of the (ialeiui dolomite. 

« 

I have not been able to find any traces of ant(>nna* in connection with 
the trilobites. There an' many obtuse conical frajrments. beautifully* 
facetted. sup[M)sed to be the «»yes of the species here referred provision- 
ally to EnrrinnruH or Anaphni*, supfiorted on j^racefullyshaixnl peduncles 
rising from the sm<M»th surfaci* of thin plates. 

The s|M»cimens I have collected need examination by com|wtiMit au- 
thority, and it will ^ive me pleasure to submit the collection to any 
specialist who will un<lertal\»' to describe the sjM'cies for publication. 

Wm. p. Hlakk. 

II* If mi .\fif/. ShulMfuni toiruxhip, WiMcoitMiu, June Jn, ISUJ/, 

TuK 1{(M K Basin of (avi<;a i.akk. A paper on this subject by 
Prof. K. S. Tarr, was re;i<l before the (Jeolojrical Soci«'ly last l)i'c«'mber, 
and is published in tin* Hulh'tin of the Siicieiy. As it touches u|)on my 
investij^alions, 1 havi' a word or two of comment at pn-sent. H«' bases 
his conclusions on r«'rtain lat«'rail phenomena, and compares the former 
slo|M' of th«' drainair*' with tin* pn*s«'ni lak«' levrl. In this paiM»r h«* says 
that tin* i:r»'al«'si ilrpih of tin- lake is l!J."> f«*ei, l)«'in>r near the southern 
end. 'N<»w. Mr. Mc(M'e lias shown that ilw late iern*strial deformation 
alonjr tin- upp«'r Sus<|u«'haniia riv»'r is thn-r fe<'i to the mile to the north. 
1 have shown th«* sain«- to u<*cnr in the Niairara tlistrict, arul Mr. (Jilbert 
an<l m\s»'lf ha\«' shown tlii^ or ;rr»'at«'r amounts ai the «'astern end of 
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The A(;e of Xia(Mha Fali^s. Tliis nou* is written simply as a pro- 
test against anyunt* forming a conclusion as to my work on the history 
of tlie groat lakes, or forming Judgments of the history of the lakes 
themselves, uiK)n the strength (»f Mr. Upham's citations (Am. Geolo- 
OI8T, July, 1894) from my writings. It was I wlio first surveyed the Al- 
gonquin beach and found that it proved that there was no connection at 
that time with the Erie basin, but that there was a northeastern outlet. 
From the |)resent outlet of th«* lake I surveyed this beach for about 500 
miles, and in my papers 1 not only stated that the Algontpiin beach 
cros.sed what is now the outlet of lake Huron below the present lake sur- 
face, but also mapped it. Yet Mr. ri)ham now says: "Careful study of 
Prof. .1. W. S|M»ncer's maps .... of the Huron and Krie shore lines con- 
vinces me that the outflow of lak<* Algon(|uin at the time of the Xi]>is- 

sing beach went by way of the pn'sent St. Clair and Dt'troit rivers " 

The very opposite is shown in my papers, and, if not. field observation 
not only of the Algoinpiin but several lower beaches would show the 
northern outlet adopted hy (ijlbert and m>self. who wen* th«* first <>b- 
servers in the region. 

This is not the first time that I have had reason for replying to Mr. 
Upham when usinir my work, alth<Migh it is the first time I oiler a 
printed criticism. His method of reasoning is n jtriori U\ maintain that 
tliedischarge of the Xiairara has always Ix-en eipial to that of th<' i»r«*sent. 



lake Ontario. Prof. Tarr ignores this tilting, yet it has backed the Ca- * ^^j 

\'uga water to a depth of over 100 feet at the southern end of the lake. j^ 

Therefore his data for comparing the ancient slope of the valley will not . }•!] 

stand. With this warping removed, the lake would be reduced to a .^ 

ma.vimum depth of about JKK) feet. I have been informed by well-borers ' 

that north of the lake they have penetrated to a depth of 200 and 300 :■ 

feet without reaching rock. This statement I do not think Prof. Tarr '■.* 

has denied. Under these conditions there is no known rock basin at all, ■ r=! 

to have been excavated by glaciers. If his evidence of glacier erosion ' f; 

holds g(K>d, he must amend his thesis to glacial **erosionof valleys" and " i- 
not '*basins." 

Prof. Tarr also concludes that lake Ontario mav be a rock basin, be- :' 
caus(> he thinks Cayuga basin to be one. This I am willing to concede, V^ 
although his pn^sent proofs do not make it sure that lake Cayuga occu- 
pies a rock basin. Hut again let me call attention to the fact that in -, 
places tlie St. Lawrence river channel is filled with drift to a depth of 

240 feet, so that the nearest rockv barrier closing the lake is onlv 500 ->' 

feet above the deepest sounding of the lake. Now the recent warping ' 

of the earth's crust in this region far more than accounts for such a . .': 

barrier. Consequently, when the cause of a barrier is known, and can -^ 
be demonstrated as often as nece.s.sary, there is no need to appeal to the 
glacial excavation of the basin, even if the old valley had been chan- 
nelled by ice, the course of which was oblique to the southern walls of 
the lake. J. W. Spencer. 

July 5th, 1804. 
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a«?ainst which he can find ph'iily of pnuif in the fichl. He also writes 
of the Chicajro outlet (»f tin- «:n'at lakes, and here aj^ain. liad hi* studied 
my papers, he wouhl have seen tliat several beaches are low«»r tlum the 
present surface' <)f ilu* head of lak<' Michi^ran. — submer«red, in short, — 
at levels iii;;her than the drownetl Aliron(|uin or Xipissin*; beach (as he 
calls it). Also he says that seven-eitrJiilis of the AI<ron(|uin uplift in the 
NIpissinjr rejri<»n look placi* before the birth of Niajrara. I should like 
to know the ;rrounds for this calculation, for my computations, based 
on th«* actual surveys of beacln*s show that only one-tilMh of that uplift 
was before tin* birth of Niagara, and that the ap' of the Xiajrara falls 
is indicated to be about *{2.(MK) years. Mr. Vpham's pajM'r is misleadin«r. 
so far as anvthin*; I have done in surNevs of the lakes is concerned: but 
I dislik«' to criticise an\ writer, and especially before all the results are 
published, for there are other phenomena that cannot be explained awa> 
by a priori reason inir. 

One word mon*: aroinul the northeastern Hanks of the Adirondacks 
beaches extend at hij^h levels into the C'hamplain valley (and contain lui 
shells). The posit i<ui of these beachesdisproves any jjlacial dam at that 
locality. .1. W. Si»knckr. 

Julif .1th. tSUJf. 



PERSONAL AND SCIENTIFIC NEWS. 



GEOR(iE HiNTiNiiTON WiiJJAMs, Professoi* of Itiorganic Ge- 
ology in Johns Hopkins University iind vice president of the 
Geological Societv of Anieriea, died of typhoid fever at his 
father's house, Utica, N. Y., July 12th; aged 88. Prof. Wil- 
liams graduated from Amherst in 1S78 and studied under 
Rosenhuseh at Heidelberg, where he took the degree of Doctor 
of Philosophy in 1882; the next year he became connected 
with Johns Hopkins and was associate professor there from 
1885 to 181)2 when he was appointed to the chair he held at 
his death. A number of the younger geologists of the coun- 
try have studied uiuler him and to them, as well as to all who 
knew him, the news of his death comes with special sadness. 
In an early number of the GKoi.ociisr we hope to give a mjore 
extended account of the life and work of Prof. Williams, who, 
both by his publications and his teaching, has done more 
than any other individual to advance the knowledge of pe- 
trography in America. 

At tuk Kansas Statk TNiVKitsiTY the whole stihject of 
stratigra|)hi<* and physical geology has been assigned to Prof. 
Haworth, leaving only paleontology to Prof. Wiliiston. A 
collecting expedition t<> the *'l)ad lands*' of Dakota has been 
made under the direction of Prof. Wiliiston. 
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CLADODUS? MAGNIFICUS, A NEW SELACHIAN. 

By E. \V. Claypole, Akron. Ohio. 

(Plate V.) 

Among the latest discoveries which have rewarded the per- 
sistent search of the veteran collector, Dr. Clark, is a jaw, or 
rather, a pair of mandibles whose characters are remarkable 
enough to deserve description, even though we at present 
know almost nothing, except by inference, of the animal which 
it represents. 

I have figured the inner surface of one of these in the ac- 
companying plate. The other is, unfortunately, broken across 
and incomplete, yet abundantly sufficient for recognition. 
They were found lying almost free on the surface of a slab of 
shale, in the valley of the Rocky river on the same horizon — 
the C'leveland shale — that has- already yielded us so many 
kindred fossils. 

The right ramus, which is the best preserved, and whose in- 
ner face is here figured, will form the basis of the following 
description. So far as it afi'ords characters, these are clear 
and determinate, but, unfortunately, no trace of teeth was 
found, so that it is not possible to affirm whether or not the 
jaw belongs to a dadodont fish. 

It is of very large size, measuring fifteen inches in length 
by three inches and a half in greatest depth. It is a fiat, thin 
plate of bone corrugated along the edge, but generally not 
exceeding one-eighth of an inch in thickness, though in places 
it may be double this. A well marked but shallow fossa for 
the reception of the condyle is present, which faces slightly 
inward as well as upward. In front of this and behind it are 
processes for the attachment of the connecting ligaments. 
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much resembling those which may be seen on the jaws of the 
existing sharks. From the hindmost point and along the 
lower edge runs a strong corrugation, formed rather by a 
folding than by a thickening of the bony plate, and this ex- 
tends forward at least two-thirds of the length of the jaw and 
gradually fades away. Outside of this and on the same inner 
face is a furrow corresponding to a strong ridge on the outer 
side, extending forward in the same manner and to about the 
same extent. 

The upper edge, however, shows the most obvious charac- 
ters. At a point about one- third from the hinder extremity 
commences a strong shelf or corrugation in the bony plate on 
its inner face, which is equally conspicuous on the outer side 
and may be well seen in the two sections given in the plate. 
The outer wall of this shelf has been crushed in to a small ex- 
tent, but not so as in any wa}' to disguise its form. Evidently 
it was the base on which was set the epithelial membrane 
that carried the teeth, and the recess in the jaw above the 
horizontal shelf served the same purpose as the similar recess 
in the jaw of an existing shark, to protect the young teeth 
and to keep them out of the way of the functional ones. The 
close resemblance between the two, Devonian and recent, may 
be seen by looking at the section of the latter given in the 
plate where the teeth are shown in place. 

The symph^^sial articulation is distinct, about one inch and 
a half in length, straight and retreating below. 

There are in the perpendicular wall of the dentiferous mar- 
gin of the jaw six or seven very slight undulations or recesses 
of the bone which may and probabi}' do mark the position of 
as many series of immature teeth. In that case the teeth must 
have been of large size and distant. Probably they w<»re both. 
The intervals average about one inch each, l)Ut the vertical 
wall is rather less than an inch high. The te(»th were there- 
fore limited in hight to probably about an inch. 

The reference of this fossil to Cl<i(hnhis is of course pro- 
visional in the absence of teeth. But its general structure 
establishes its sela<*hian affinity, and its resemblance in gen- 
eral to (»ther fossils from the same stratum warrants a clado- 
dont association, at least for the present. 

The only other fragment which was found in close proxim- 
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ity to it was a email bony plate or seiite, represented in the 
figure, nearly two inches in length bj" one inch wide, with 
vermieulated surface and evidently external. If this is roall}" 
a part of the same fish, as seems highly probable, it indicates 
a much coarser dermic armor on at least a part of the animal 
than the ordinary shagreen of the sharks ; but in the existing 
uncertainty on this point it would be useless to pursue it 
further. 

Taking the present fossil in connection with its related 
forms which have been described in previous numbers of the 
American Geologist, we can gather one or two important 
facts in regard U^ the fishes of the Devonian era in Ohio. While 
their kinship with the existing sharks is obvious, they yet show 
considerable difference. In the first place, the position of the 
mouth is strikingly different, so much so as to deprive them 
of the very peculiar and characteristic aspect which we asso- 
ciate with the sharrk at the present time. The mouth in all 
the recent genera is not terminal but occupies a position con- 
siderably behind the snout on the ventral surface, indicating 
on the part of the animals a habit of feeding on the ground 
or on prey that lies below them. So marked is this feature 
that, as is well known, the shark cannot seize an object on the 
top of the water or above it without turning belly-upward. 
But the Devonian sharks, at least the cladodonts, had a ter- 
minal or nearly terminal mouth, as indicated plainly in the 
fossils, and were not therefore special!}' adapted for ground- 
feeding. In a few specimens the mouth appears to be slightly 
ventral. In the second place, the jaws of existing sharks are 
strongly curved and twisted, the upper often forming a com- 
plete semicircle, whereas those of the Cladodonts from the 
Devonian of Ohio are straight and flat, and, so far as known, 
the upper jaw was of a similar form. 

It is not necessary to contrast the luirrow elongated phase 
of the tooth of the recent forms with the wide though one- 
sided base of those of VlinUn!ni<^ since it is w^U known to 
every ichthyologist. 

If we may infer the size of the fish to which the fossil here 
described belongs, from the analogy with other Ohio clado- 
donts, we may safel}' predicate a shark not less than ten feet, 
and probably more, in length. So far it is b}' much the larg- 
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est of it8 family that has come to light, the longest previouslj 
known scarcely exceeding one-half of this size. Dr. Clark is, 
however, in possession of one or two cladodont teeth too large 
to correspond with the dimensions of the smaller specimens, 
which have for some time indicated to him the existence of 
larger forms hitherto unknown, the first of which is described 
in this note. 

These researches and discoveries have established the exis- 
tence of an abundant selachian fauna in the Cleveland shale, 
with the general form of which we are now much better 
acquainted than we are with those later ones from the Car- 
boniferous limestone whose spines and teeth have long been 
abundant in our museums, but of which themselves we have 
yet but the merest glimpse in one or two ill preserved speci- 
mens in European collections. 
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It was my original purpose to take for the subject of this 
discourse some geological problems in northeastern Iowa, but 
certain circumstances made it seem more desirable to transfer 
attention to the northwestern part (►f the state and discuss the 
more striking features (jf the Niobrara chalk. 
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pliv, AnnTJcaii Association for tin* AtlvancfintMit of Scirno*, Aujjust HJ, 
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The Niobrara stage of the Upper Cretaceous is well repre- 
sented along the Missouri from the mouth of the Niobrara 
river to the mouth of the Big Sioux. East of the Sioux, beds 
of the same stage are found at various points in Iowa as far 
eastward as Auburn in Sac county,* while fossils distributed 
through the drift indicate the former existence of Cretaceous 
strata at points many miles farther east than any localities 
where they are now known to occur in place. f 

ArEAL DlSTRIBlTION. 

The general distribution of the Niobrara deposits, it need not 
he said in this presence, covers an area reaching from western 
Iowa to the Rocky mountains, while north and south it 
stretches from Texas to Manitoba and probably northward to 
the Arctic ocean. It is not my intention to extend the dis- 
cussion of the formation so as to cover more than a very small 
fraction of this magnificent area. I purpose rather to limit 
myself to some of the characteristics of the Niobrara chalk 
exhibited in the somewhat restricted region lying between the 
mouth of the river from which the formation takes its name 
and the most eastern exposure of the beds at present known, 
near Auburn, Iowa. Within these rather narrow limits all the 
typical phases of the Niobrara formation are perfectly exem- 
plified, and ample facilities are afforded for the satisfactory 
study of its composition. Furthermore, it will be remembered 
that the shore line of the Niobrara sea passed through Iowa, 
and during the culmination of the conditions that gave us the 
peculiar deposits of this portion of geological time the sea 
margin was probably not very far east of Auburn. Indeed it 
may be shown that the shore line was subject to many move- 
ments of advance and retreat, and that during the early part of 
the Niobrara age the sum of the movements was eastward and 
the ocean gradually encroached upon the land ; while lat^jr 
the reverse was true and the waters retreated tQward the 
west. For these reasons the region to which the discussion isv 
limited affords facilities for determining the effects of vary- 
ing depths of water uihd var^Mng degrees of proximity to the 
shore upon the composition and origin of its sedimentary de- 

♦C. K. Kfves. Pr(»c»MMliii^'s Iowa Acad. Sci., Vol. I. pari IV. p. 2r>, 
fC. A. Whil.*. Pn»c»MMlinjrs A. A. A. S.. V..I. •>!. p. 1S7. IST'i. 
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posits. In the eastern part of the region we may look for 
marginal beds of Niobrara age, and farther west we should 
find contemporaneous beds that accumulated oti' shore in the 
clear open sea. 

Physical Chakactkuistics. 

The Niobrara sediments are unique among the geological 
formations of the Northwest. Where typically developed they 
are wholly calcareous, or nearly so, and yet they are altogether 
unlike the limestones that are so common and so characteris- 
tic a feature of the geology of the upper part of the Mississ- 
ippi valley. They lie indeed in massive strata, varying from 
six inches to more than two feet in thickness, as do some of 
the limestones, but the material is chalky in appearance and 
correspondingly soft in texture. The color of freshly ex- 
posed surfaces varies from white through shades of gray and 
yellow. In some instances the weathered surfaces become 
reddish owing to the final oxidation of the small amount of 
iron which the beds contain. The material composing what 
anyone stud^'ing the region under consideration would call 
the typical deposits, may be excavated with pick and spade; 
it may be carved with the pocket knife; the massive blocks 
into which the layers are readily (piarried may be shaped with 
the saw with greater ease even than if they were blocks of 
wood; the material is so soft, indeed, that it cannot be han- 
dled without soiling the fingers; it may be used for writing 
on the blackboard ; the mechanic might use it on his chalk 
lines; in a word, these typical beds to which our attention 
will be chiefly directed are nothing more nor less than chalk. 

It is not to be understood, however, that all the Niobrara 
deposits of our somewhat circumscribed region are chalky. 
Some would have to be described as soft calcareous shales^ 
while others are made up of thin-bedded, fissile limestone, 
sometimes more cjr less earth}' and impure, but composed 
chierty of valves of I Horera nina jtritfthnnatirus cemented to- 
gether. It is only the beds that represent what we may call 
the perfect and ideal product of the conditions that prevailed 
during Niobrara time that are massive, soft and chalky. 
STKATi<;HAriii(;Ai. AXi> Bathymktkk'ai. Kklations. 

Allow me to traverse familiar ground long enough to say 
that the Niobrara chalk is a part of the Missouri ( retaceouB 
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fiories that was long ago made classic by the labors of Meek 
and Hayden. The work of Hill and others in Texas enables 
us now to. refer the beds in question to the Upper Cretaceous, 
as distinguished from the Comanche or Lower Cretaceous 
series of the Southwest. In the region we are considering the 
Cretaceous begins with the Dakota sandstone, a formation in- 
dicative of shallow seas and moderately high contiguous 
shores. During the deposition of the Dakota beds the water 
over what we now call Sioux City was shallow and vexed 
sometimes with conflicting currents, as is shown by the cross- 
bedded sands with oblique planes inclined in many different 
directions. That the land was high enough to enable the 
drainage waters to carry coarse mechanical sediments, that it 
was covered with semi-tropical forests of deciduous trees, and 
that its surface was watered with a most generous rainfall, 
are clearly recorded in the material composing* the deposits, 
in the tuxonomic relations of the leaves and other organs that 
make up the profusion of fossil plants which some of the beds 
contain, and in the brackish-water types composing the rather 
meager molluscan fauna of the earlier layers. Moreover the 
region was part of a great area of subsidence. If we limit 
attention to some given point, for example the blurt's above 
the mouth of the Sioux river, we shall find certain facts 
clearly recorded. During the entire time represented by the 
Upper Cretaceous there may have been many alternations of 
elevation and subsidence, but at first the waters were gradu- 
ally deepened and the shore line became more and more re- 
mote. As these processes went forward the coarser sediments, 
together with the leaves and twigs of the magnificent forest 
flora clothing the land, all came io rest in the beds laid down 
near the constantly receding shore, and only the finer clays 
were carried seaward as far as the point we have selected for 
consideration. With progressive subsidence the hmd stood 
lower, the drainage streams became more sluggish, erosion was 
less energetic, and it is probable that at this stage even in the 
marginal sediments the materials were fine clay with little 
admixture of siliceous sand. At all ev<'nts, at a short dis- 
tance from the shore we have the transition from Dakota 
sands, with some alternating beds of shales, to the purer Fort 
Benton clays, which represent the second phase of sedimenta- 
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tion in our selected area during Cretaceous tiiues. The Benton 
shales are not very thick in this region, probably not more 
than 40 feet altogether. While they were accumulating the 
process of subsidence went on, as before, at a rate more rapid 
than the upward growth of the sedimentary deposits. The 
lands, that during the Dakota stage had stood high above the 
sea, were by progressive subsidence reduced in altitude until 
finally base level was reached, and the sluggish drainage 
streams discharging into this part of the Cretaceous basin 
failed to carry even the finer clay and at last mechanical sedi- 
ments gave place to those of organo-chemical origin. When 
these conditions were reached, the region witnessed the be- 
ginning of the third phase of sedimentation in the Cretaceous 
seas, and the Niobrara stage, with its peculiar beds of chalk, 
was inaugurated. Reviewing for a moment the conditions 
prevailing in ^hat portion of the region that now lies west of 
the Sioux river, we may note that the water was clear, moder- 
ately deep, and unpolluted b}- mechanically derived earthy 
detritus; that the shore line, a portion of the time at least, 
was a hundred miles to the eastward; that the body of land 
contiguous to the shore was low and fiat, and drained by 
streams with currents too feeble to bear any contributions 
from the land to the «ea. It was in such a sea and under such 
conditions that the Niobrara chalk was deposited. 

Before the Niobrara age came to a close, the upward move- 
ment of the region began. Step by step the sea receded from 
its line of farthest advance, somewhere east of the middle of 
Iowa. Progressive elevation of the land quickened into life 
the practically dead streams of the Niobrara age, and mechan- 
ical sediments appeared once more in the Cretaceous sea and 
settled down upon the surface of the chalk to become the 
lower beds of the Fort Pierre shales. The Fort Pierre shales 
are found as far east as Yankton, South Dakota, and recently 
Keyes claims that they have been identified in northwestern 
Iowa.* In the latitude of Sioux City the^' may have origin- 
ally extended beyond the Sioux river. Our region during 
Cretaceous times witnessed, therefore, a fourth phase of sedi- 
mentation. With the incursion of mud that iiuiugurated the 
work of building the strat^i of the Pierre group, the condi- 

*Pr<K*«MHliiijrs Iowa Acad. Sci., Vol. Part IV. p. 2."i. 1S!M. 
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tions that made the Niobrara chalk possible were brought to 
an end. The swarming life that furnished the organic skel- 
etons of which the chalk is constructed was unable to maintain 
existence under the changed environment. 

It will be noted that in the Sioux river region the condi- 
tions that gave us successively the Dakota, Benton, Niobrara 
and Pierre deposits passed one into the other by practically 
imperceptible gradations. While in the Black Hills the tran- 
sition from the Dakota siinds to the Benton shales is very ab- 
rupt, along the Sioux river the transition is so gradual that 
any line of separation would seem to be purely arbitrary. 
Indeed it might seem as if any lines dividing a system of 
strata that have resulted from a process of continuous depo- 
sition under very gradually changing conditions must be more 
or less arbitrary. In the Sioux river region the Niobrara beds, 
however, stand out distinctly and sharply defined from all the 
rest both lithologically and micropaleontologically, and if di- 
visions are recognized, these must rank as a separate forma- 
tion. The features that distinguish this group of strata from 
the Dakota-Benton below and the Pierre above depend upon 
the fact that when the subsidence that alFected the bottom of 
the Cretaceous sea and the adjacent shores was at, or below, a 
certain stage, mechanical sediments failed, and the absence 
of such sediments favored the enormous expansion of certain 
types of microscopic life endowed with power toprotect their 
8(»ft protoplasmic bodies with shells of carbonate of lime. 
The dead skeletons of successive generations of such organ- 
isms, unmixed with the grosser products of land erosion, con- 
stitute practicall}*^ the only sediments that accumulated during 
the Niobrara phase of the Cretaceous. It is upon the nature 
of these skeletons and their mode of aggregation that the very 
unusual characteri^stics of the rocks belonging to this particu- 
lar stage depend. 

ClIAUACTKliS OF THE DETOSITS IN DIFFEKENT LOCALITIES 

COMPAKEO. 

As has already been said, the Niobrara deposits are not 
uniformly chalky: neither have the}*^ had everywhere exactly 
the same origin. The}- differ in these respects at different lo- 
calities, and, to some extent, at different levels in the same 
exposure. Along the Sioux river certain portions of the for- 
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Illation consist of thin- bedded, V)rittle, shelly limestones with 
chalky partings between the lnniina\ In such cases the 
crowded valves of fuocerauniH jtrohfonaficits leave no doubt 
as to the principal source of the material composing the 
strata. Near Ponca, Nebraska, the Inoceramus-bearing beds 
are more compact than on the Sioux, and they are associated 
with heavier and more typical beds of chalk. A little farther 
up the Missouri, at Saint Helena, there are no Inoceramus 
beds. Traces of occasional valves may be found here and 
there in the uniforml}' massive layers that rise one above the 
other in^a vertical wall of almost snowy whiteness; but there 
is nothing corresponding to the immense aggregations of indi- 
viduals that we find farther east. There are some small 
colonies of Osfrea cottf/esta, but, on the whole, mollusk shells 
make up a very insignificant part of the deposit. The thick- 
ness of the chalk at this point is about 90 feet, and it rests on 
a foundation of Benton shales that rise to a hight of 40 feet 
above the level of the water in the river. From Saint Helena 
to the mouth of the Niobrara the exposures of chalk on both 
sides of the Missouri present about the same general appear- 
ance. At Yankton, South Dakota, the chalk is used on a large 
scale in the manufacture of Portland cement. The beds 
worked for this purpose, embracing a thickness of about 60 
feet, lie geologically above those seen at Saint Helena, but 
there are no essential diH'erences in macroscopic characters to 

be noticed. 

Palkont()L<>(;y of thk Chalk. 

It is aside from the purpose of this paper to discuss the 
general paleontology of the chalk, in the regicui we are de- 
scribing, with any approach to fullness. A few general state- 
ments, indicating in a broad way the biological relations of 
the deposit, are all that can be undert^iken. Vertebrate 
remains are not common, and the few that are known belong 
to fishes. The sharks were represented by the genera Ptycho- 
dus, Otodus, and Lamna, and of each there are indications of 
but a single species. Hony fishes were present, but by no 
means numerous. Among invertebrates the only f(>rms at all 
conspicuous are lii(fr('r(nnif.s jtrohfentaficus and Osfrea congettfa,. 
The former flourished best in the eastern half of our area, the 
Ostrea is most common west of Ponca. But while forms large 
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enough for niucrose<>|}ic Ptiidy wore com piini lively few in 
number both as to indivtduule and epeeiee, luieroecnpit; life of 
wonderful beauty and of the higheiit scientifit; significance was 
develo|>ed in incumprehensible profusion. The fharBcteristie 
faunas and the floras of tlie Niobrara niuflt be studied with 
the DiicToseope. 

IfRSITASrv OI-- AMKHK'AN liEOI.OIllSTS TO ItKCOIlNCZK THE 

Before diHciiissing the niierusuot>iu life of the Niohram age, 
it may be worth the while to notice an interesting mental 
attitude of leading American geolngiats to the (|uestion of the 
existence of chalk on this side of the Atlantic. Notwithstand- 
ing the fact that the earliest travellers up the Missouri river, 
and every one who has since followed in their footsteps, must 
have been convinced that the beds in question present, out- 
wardly at least, all the physical characteristics of chalk, and 
notwithstanding the further fact that professor Bailey point- 
ed out the foraminiferal origin of the material as long ago as 
18il, there yet grew up a very Krndy rooted notion that the 
peculiar earthy material we call chalk is not found in anj' of 
the geological formations of this continent. For example, 
professor Dana, in the second edition of his Manual, speaks of 
the beds of Hand, marl, and loosely aggregated shell limestone 
in the Cretaceous strata of America, but he adds with inten- 
tional emphasis that "they include in North America mi 
i^/tt'li:" In the third edition of the Manual the statement iit 
modified so as to read that " they include in North America 
no chalk, excepting in western Kansas, where, 35U miles west 
of Kansas City, a large bed exists." In the second edition of 
Le Conte's Eh-meHlx of Oeoloyn we are told that chalk occurs 
■■ nowhere except in Europe:" but in the third edition it is 
stated that ■' recently good chalk composed of foraminiferal 
shells, and containing flints, has been found in Texas." In 
the Geological .S7».//ex of Dr. Alexander Winchell, the author, 
after discussing chalk, tells ue on page 64, that "it does not 
occur in America :" and the impression is thought to be wiirthy 
of repetition in nearly the same words on page 433. In the 
CiiiKiiliiii, Xii/iniilixt for 1M74 Dr. (J. M. Dawson has an arti- 
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cle on the Cretaceous rocks of Manitoba,* in which, referring 
to the C'retaceoiis of America in general, he says that "this 
formation contains no beds of true chalk." At the meeting 
of the Association of American Geologists in April, 1841, Nic- 
ollet gave an account of the geology of the regions covered 
by his explorations along the Upper Mississippi and Missouri. 
In this account the Cretaceous strata along the Missouri are 
noticed, and the statement is made that no true chalk or flint 
was observed. Lyell also encourages the notion that there is 
no chalk in America ; but it will not be necessary to make 
further quotations in illustration of the attitude referred to. 
While some of the leaders of geological thought on this side 
of the water have been slow to acknowledge the presence of 
chalk in the American C'retaceous, the plain people who are 
not geologists, not governed by conventionalities nor influ- 
enced by authorities, have never hesitated to call the material 
composing certain parts of the Niobrara deposits "chalk." At 
Saint Helena, Yankton, and wherever, indeed, the formation 
outcrops in massive layers, the material is constantly referred 
to as "chalk," "chalk-rock," or "chalk-stone." The use of one 
or another of these terms in common speech is more than fifty 
years old, for in 1841 professor Bailey received from the far 
northwest a sample of what was locally known as "prairie 

chalk."t 

What is Chalk ? 

Whether the material composing the Niobrara deposits is 
chalk or not may depend somewhat on our definition of the 
term: but if in England the name is applicable to a soft 
whitish calcareous rock tliat accumulated on a sea bottom 
lying beyond the reach of mechanical sediments, and wascom- 
posed of multitudes of practically entire shells of Foramini- 
fera imbedded in an imperfectly indurated matrix of cocco- 
liths and comminuted foramini feral debris, then the term 
may be justly applied to a very large portion of the deposits 
of the Niobrara age along the 3Iissouri river. For, in the 
first place, a very casual examination of the material would 

*Ni)t«' im tluMJccnrn'iKM* of Foramiiiif»Ta. Coccoljtlis, etc.. in thf Cr»*- 
lHC«H>iis l{(K*k.s of MaiiitobH. ('munliiui yntnraliMt, vol. vn. No. .'), 1ST4. 

fAmor. .lour. Sci. and Arts, first sfri<'s. vol. xi.i. |>. 400. ISIl. 
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establish its physical identity with muchof the English chalk. 
In the second place, one needs only the cheapest of compound 
microscopes to demonstrate that it is surprisingly rich in the 
most perfectly preserved specimens of Foraminifera that in a 
large number of cases are specifically the same as those so 
long known in the chalk of Europe. In the third place, a 
better microscope will show that every cubic inch of the Nio- 
brara chalk contains many millions of the minute circular or 
elliptical, disk-like bodies called coccdliths, which cannot be 
distinguished from similar bodies occurring in similar num- 
bers and in similar relations in typical chalk on the other 
side of the Atlantic. 

Some References to Literature in which either the Chalky 
Character or Foraminiferal Origin of the Niobrara 

deposits is recognized. 

In view of the widely prevalent impression that the Ameri- 
can Oetaceous contains no chalk, some references to the lit- 
erature in which the chalky character or foraminiferal origin 
of the beds in question is recognized may not be without 
interest. In the American Journal for 1841* Prof. J. W. 
Bailey describes the sample of "prairie chalk" already noted 
as being very rich in beautiful forms of the "elegantly little." 
The "elegantly little" are Polythalamia (Foraminifera) and of 
these he gives four excellent figures which, although un- 
named, are readily recognized as common species composing 
a large proportion of typical chalk, whether we collect it in 
England or along the Missouri river. In the same note it is 
stated that professor Bailey has al}<o found very interesting 
forms of Polythalamia in the specimens collected by Mr. J. N. 
Nicollet from the "far west." 

In 1843 Ehrenberg published his Memoir on the Extent ond 
Influence of MicvoM^opir. Life in South and North America. 
Most of the work is devoted to diatoms and desmids, but a 
few pages are given to the discussion of Foraminifera, includ- 
ing forms from the Cretaceous chalks and marls along the 
Missouri river. The abundance of foraminiferal species and 
the identity of some with species occurring in the chalk of 
Europe are among the facts established. 

*L<)c. cit. 
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An extended notice of Ehrenberg's memoir by professor 
Bailey was published in 1844.* Copious extracts from the 
memoir are incorporated in the notice, and in a foot-not<^ 
there is a figure of what is supposed to be Textnlnrla nmeri- 
ca)i(f, A year later there is another paper by professor Bai- 
ley, which appears in the 48th volume of the same Journal, 
and in the course of which the author says, concerning Fo- 
raminifera in specimens from the Missouri river, that "they 
are remarkably abundant and beautifully preserved."! 

Between 1853 and 1861 Meek and Hayden worked out the 
succession of Cretaceous strata along the Missouri. Numerous 
papers were published under the joint authorship of the geol- 
ogists named. The chalk of the Niobrara is frequently 
mentioned, sometimes as "chalk marl," and sometimes as "cal- 
careous marl weathering to a ^^ellowish or whitish appearance 
above;" and in their detailed section, published in the Pro- 
ceedings of the Academy of Natural Sciences, Philadelphia, 
December, 1861, the "calcareous marl" of Formation number 
3 is said to contain "several species of Textularia." 

The beds to which professor Dana refers in his Manual as 
the only known example of American chalk are doubtless the 
ones described by Mr. D. C. Collier in 1866.J Of the material 
forming these beds, which extend for a distance of over one 
hundred and fifty miles east and west, Mr. Collier says: "On 
one occasion, in company with a companion, I was able to 
climb to the top of a bluff of pure chalk, so soft that I could 
cut and carve it with the knife 1 carried in my belt, and so 
fine that it covered my clothes as thoroughly as when in my 
college days a classmate wiped the blackboard with my back." 

IiT his first Annual Report of the United States Geological 
Survey of the Territories, Dr. Ilayden takes occasion to say 
concerning the Niobrara division of the Cretaceous : "Its prin- 
cipal character is a gray or light yellow chalky limestone; 
much of it so pure as to make a good chalk for commercial 
purposes.'^ 

*Am. .I<mr. Sci. and Arls, firsi s<'rii*s, Vol. xi.vi, p. 2I>7, IHU. 

flbid., V(.l. XLViii, p. :i41, 1845. 

jAm. .I<»nr. Sci.. si'ooiul siTii's, Vol. xm. Mav, lH(Mi. 

jsFirsl Ann. K»*p. of ili<* V . S. (Jeol. Survey of tin* T«Tril<»ri»'S, ♦»mbrac- 
iii^ Nt'braska, bv F. V. Haydrn, V. S. (ioolojrist, p. 54. 1H(>7. 
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In 1870 Dr. Charles A. White, in discussing the Inoceramus 
beds along the Sioux river, which are in Iowa the equivalent 
of the Niobrara of Meek and Hayden, tells us that, among 
other fossils, ''minute Foraminifera (probably Globulina) are 
sometimes met with in great numbers/'* 

The article by Dr. G. M. Dawson, already cited as appear- 
ing in the Canadian Xatnralist for 1874, marks a very impor- 
tant step in advance of all previous publications in the matter 
of investigating the origin and composition of the Niobrara 
•chalk. The strata of Manitoba that were the subject of in- 
vestigation are the northward continuation of the chalk beds 
of our Sioux river region, and Dr. Dawson was able to com- 
pare ipicroscopically the Manitoban with Nebraskan material. 
The article is illustrated with figures of Foraminifera, and 
speaking of this group of organisms he says: ''The general 
facies of the foraminiferal fauna of the C'retaceous rocks of 
Manitoba and Nebraska singularly resembles that of the ordi- 
nary English chalk. Both abound in Textularineand Rotaline 
forms of similar types." 

Dr. Dawson's paper, however, owes its chief importance to 
the fact that it is the first, so far as I know, that recognizes 
coccoliths as agents in the formation of American chalk. Coc- 
coliths, in my judgment, are much more characteristic of chalk 
than Foraminifera. Individually they are thousands of times 
more numerous, and collectively the}'^ make up a much larger 
proportion of the/bulk of true chalk than do the larger and 
more obtrusive foraminiferal shells. Chalk composed of Fo- 
raminifera, either broken or entire, is harsh and rough and 
unsuited to many purposes to which this substance is applied. 
Coccoliths on the other hand rarelv exceed the one-hundredth 
of a millimeter in diameter, and chalk formed out of such 
minute bodies is soft, works smoothly on blackboard or chalk 
line, and may be ground between the fingers to an impalpable 
powder. Dawson's paper is illustrated with a number of 
figures showing the characteristic appearance of coccoliths 
under a high amplification, and along with the coccoliths 
there are illustrations of a number of the minute calcareous 
rod-like objects to which the name rhabdoliths has been ap- 
plied. Relatively speaking, rhabdoliths are not common in 

♦Ci«M)lopy of Iowa. Dr. ('. A. ^Vhit«\ Vol. i. p. 2IM, KS70. 
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the beds we are considering. They have contributed only a 
small percentage of the bulk of the material making up the 
deposit. It must be said, however, that the paper under con- 
sideration has the further distinction of being the first to 
announce the presence of these interesting and curious struc- 
tures in the fossil condition. 

In Texas, professor Hill recognizes two chalk horizons, one 
in the Lower Cretaceous, the other in the upper series of the 
same system. We are only concerned here with the chalk of 
the Upper Cretuceous, for that alone corresponds in age to> 
our Sioux river beds. That this formation abounds in Fo- 
raminifera such as Textularia and Globigerina, and that it is 
in reality chalk, professor Hill urges with pertinent force in a 
number of publications;* and it is to the writings of Hill 
that professor Le ( -onte refers when he acknowledges the 
presence of true chalk in Texas. 

Hill's work on the geology of Arkansasf is the subject of 
an admirable review by professor Marcou,* in tht course of 
which Marcou calls attention to his discovery of true chalk 
near Sioux City (Iowa) and in Nebraska in 1863. Speaking 
of his paper on the (Jretaceous formations in the vicinity of 
Sioux CMty, etc., read before the Geological Society of France 
in 1866, Marcou says: **1 took the precaution to carry with 
me pieces of rough chalk taken near Sioux City, and I drew 
on the blackboard with them the three sections that accom- 
pany the paper.'' 

Prof. S. W. Williston, in 1890, announced that the chalk of 
Kansas "appears to be wholly composed of organic forms very 
readily visible under a comparatively low power (a one-fifth 
or a one-sixth objective and a C eye-piece) g.'' The forms 
seen by professor Williston are the minute coccoliths and 
rhabdoliths which Dr. Dawson so well described in 1874, and 

♦Ann. K«'p.. (»«'()l. Survey of ArkHiisas. Vol. ii, for 188H. Check List 
of Iiiverti'!>rHte Fossils from Cretaceous Formations of Texas, 1880. An- 
notated Check List, etc., Hullelin No. 4, (ieol. Survey of Texas, 1881). 
Foraminif4'ral Orijjin t>f certain Cretaceous Limestones, etc.. Am (iK- 
OUMJIST. S«»|)t.. 1881). (leolojry of parts of Texas, etc., Hulletin. (ieol. 
Soc. Am., March, 181)4. 

fKe|K)rt cited. 

tAMKKlCAN (iKOL(>(;fST, Vol. IV, p. 'Xu, Dec, 1H81). 

jJChaik from the Niohrara <'retace<»us of Kansas, Science, Vol. xvi. p 
241). Oct.. 181)0. 
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at the time of writing the note under consideration the com- 
paratively large Foraminifera, which may be seen with a good 
pocket magnifier, seem to have been overlooked. A few 
months later, however, Williston renewed his observations on 
the chalk of Kansas, and his report of these later investiga- 
tions contains the statement that "the deposit seems wholly 
formed of coccoliths, rhabdoliths and Foraminifera, with, 
perhaps, radiolarians and sponges."* 

The foregoing references selected from the mass of litera- 
ture appearing between September, 1841, and March, 1894. 
while incomplete as a bibliography relating to the physical 
characteristics and foraminiferal origin of American chalk, 
naay yet help to make clear the successive steps whereby geol- 
ogists have been led from complete skepticism regarding the 
presence of chalk on this side of the Atlantic to the convic- 
tion that considerable portions of the Niobrara beds along the 
Sioux and Missouri are, in all the particulars relating to 
composition and origin, identical with the chalk of Europe. 

Composition of the Niobrauv Chalk in the Sioux kiver 

UEGION. 

The characteristics of the Niobrara chalk are such that ex- 
haustive investigations with the microscope may be carried 
out with very little ditticulty. In thin sections from selected 
typical beds the unbroken shells of Foraminifera are. very 
conspicuous. They lie in close proximity to each other, and 
their inflated chambers, filled with crystals of calcite, some- 
times occupy more than one-third the area of the entire field. 
It is certain that more than one-fourth and in some instances 
probably one-third of the volume of the chalk is composed of 
foraminiferal shells still practically entire. The matrix in 
which the shells are imbedded is made up of a variety of ob- 
jects, the most numerous, and the most conspicuous under 
proper amplification, being the circularor elliptical calcareous 
disks known as coccoliths. The small rod-like bodies to which 
the name rhabdoliths has been applied are not very common, 
although their presence is easily detected with a moderately 
high power objective. 

Mingled with the coccoliths and rhabdoliths are numerous 
fragments that are evidently the debris resulting from the 
♦Proc. Kansas Aciid. Sci., Vol. xn, p. 100. ISJll. 



154 The American Geologist, September, 1894 

comminution of foraminiferal shells; while standing out con- 
spicuously amid the remains of these minuter organisms are 
comparatively large calcareous spicule-like bodies, which, on 
investigation, turn out to be the disassociated rods that made 
up the external prismatic layer of shells of Inoceramus. This 
outer layer in Inoceramus problematicus seems invariably to 
have become detached from the inner nacreous layer, and, al- 
most without exception, it has become completely disintegra- 
ted into its constituent prisms. And so it happens that, in 
the Inoceramus-bearing beds of the deposit, the soft matrix 
in which the only remaining portions of the shells, the na- 
creous portions, lie imbedded, is composed very largely of 
these rod-like prisms mingled with skeletal parts of the ordi- 
nary chalk-forming organisms. Even in the typical, massive, 
chalky beds that bear no outward traces of mollusk shells of 
any kind, these same prisms, while greatly diminished in 
numbers, are by no means uncommon; and so in any consid- 
eration of the constituent elements of the chalk these sepa- 
rated units from the external layer of valves of Inoceramus 
must be reckoned as no unimportant factor. 

When the chalk is treated with acid there remains a small 
amount of insoluble matter consisting of clay, fine grains of 
sand, a very few minute pebbles, none of which, so far as ob- 
served, exceed five millimeters in diameter, and a small num- 
ber of internal casts of the chambers of Foraminifera. Nearly 
all the foraminiferal shells have the chambers filled with cal- 
cite ; a few have these cavities still empt}^ or filled simply 
with air; but in a small number of cases the chambers were 
filled with an opaque, insoluble mineral, probably silica deeply 
stained with iron oxide, that remains as perfect internal casts 
after the shell has been dissolved in acid. The amount and 
composition of the residuum varies with the purity of the 
chalk. In the purer samples it scared}' exceeds one per cent., 
in others, of course, the percentage ranges very much higher. 

The MiCKO-rALKONTOLOGY OF TIIK CUALK. 

In all the chalk examined the Foraminifera are verv numer- 
ous. Many are large, vigorous looking specimens of the types 
to which they belong, and an unusual number of the shells 
remain perfect. They are easily separated from the finer par- 
ticles constituting the matrix by carefully grinding the chalk 
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under water in a shallow dish, decanting and renewing the 
water as long as gentle rubbing of the heavier residual mate- 
rial produces any traces of milkiness. The particular genera 
and species that will be found after the washing process is 
complete will depend somewhat on the locality from which 
the specimen under investigation was derived. Even at the 
same locality samples of chalk from different beds will be 
found to differ in a marked degree so far as relates to the 
presence or absence, the association, or the predominance, of 
certain types. It would be. very tedious, unprofitable and 
altogether aside from my purpose, to give you a catalogue of 
the genera and species of the foraminiferal fauna. Indeed, 
according to Carpenter, Brady, and other authorities, species 
in the sense of constantly differentiated races do not exist 
among Foraminifera, and it is almost impossible to define 
genera; but some general statements, which may lead to sci- 
entific considerations of some importance, maybe possible and 
permissible under the circumstances. 

The Foraminifera, with Observations on their Distribution. 
Saint Helena, Nebraska, seems to me to be the most typical 
locality in the region under consideration. In samples of 
chalk from this locality large forms of Textularia ylobulosa of 
Ehrenberg are the most common and the most characteristic 
fossils. Here the species presents its ideal characteristics. 
The chambers are inflated and spherical, and the shell is ro- 
bust and widens rapidly toward the larger end. This same 
shell, be it remembered, ranges throughout the Niobrara of 
America from Texas to Manitoba, and it is one of the most 
conspicuous forms at certain horizons in the chalk of Europe. 
Associated with Textvlaria (jlohulosa is a smaller shell that is 
proportionately thinner and narrower and every way less ro- 
bust. In some places this smaller form is the prevailing type. 
It has been regarded as a distinct species, and was figured by 
Dawson, in the paper already cited, under .he name of Texfu- 
laria pyymo'n. While these two forms graJe into each other 
perfectly when a sufficient number of specimens is examined 
it will be profitable for the present to keep them apart, inas- 
much as the distribution of the two types presents some facts 
worthy of consideration. Recall for a moment the geograph- 
ical and bathymetrical conditions of the region while the chalk 
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was forming. The shore line of the Niobrara sea extended 
northeasterly from near the southwest corner of Iowa. From 
that shore line the sea spread away westward to beyond the 
Rocky mountains. The site of Saint Helena was many miles 
from shore, and was covered by moderately deep, clear water, 
unpolluted by detritus washed in from the land. It was in 
this pure, clear sea that I'extularia glohulosa found the con- 
ditions most favorable to its existence. Here it multiplied 
beyond all calculation, here the individuals show all the 
symptoms of normal health and vigor, and here they attain 
their ideal symmetrical form. As, however, we approach the 
shore, it becomes evident that the conditions, so far as Textu- 
lariais cohcerned,became more and more adverse, for the chalk 
from Sioux City, Hawarden. Auburn, and other points east of 
the Sioux river, contains but few of the vigorous forms we 
have noted. On an average the textularians do not attain 
more than half the size reached by the larger individuals from 
Saint Helena. At Auburn, the most easterly point at which 
the chalk is known to occur in place, only the smallest forms 
of Textularia pygmwa occur. In this connection there is an- 
other very striking fact worthy of notice. The textularians 
from the more easterly localities are often very unsym metri- 
cal and irregular in their mode of growth. It would seem 
that they were not only starved and stunted, but the}' were 
frequently deformed by the unfavorable environment prevail- 
ing in regions approximate to the shore. 

In some of the beds at Sioux City, which is one of the in- 
termediate points between Auburn and Saint Helena, the 
diminutive forms of Textularia are very numerous, but min- 
gled with them are a few conspicuously large individuals 
recalling those from the great chalk dilfs farther up the Mis- 
souri. There is one very marked difference, however, between 
these and the specimens from Saint Helena. Like the smaller 
individuals of the same region they are more or less distorted. 
What is more, the later formed chambers of the larger speci- 
mens often depart from the biserial type, and the shell may 
terminate in various irregular wa^^s. There may be at last 
but a single series of cells, but it is more common to find 
three, four, or even five series. Sometimes groups of extra 
chambers protrude from the sides of the shell like unhealthy 
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excrescences, and again the later chambers may be simply 
heaped together in inextricable disorder. Everything suggests 
abnormal, if not positively diseased, conditions. The depau- 
perating effects of unfavorable environment seem to have 
acted in three ways: first, to retard growth and thus produce 
the pygma*an type ; second, to cause deformity by unsymmet- 
rical growth even when the biserial arrrangement is main- 
tained ; third, to interfere with the biserial arrangement of 
the later formed chambers among the more vigorous individ- 
uals, and to produce all possible types of departure from 
normal regularity. 

In all the thousands of specimens examined I have seen 
nothing corresponding to Bailey's figure of Text alar ia ameri- 
cana, nor have I been able to recognize as many species as 
Ehrenberg described from the region along the Missouri. 
There are endless variation^^ many of which would doubtless 
have been formerly regarded as of specific value ; but, after 
all, I can see no reason for regarding all the textularians of 
the region, with their countless variations as to size and pro- 
portions, including departures from symmetry and biseriality, 
as other than varieties of a single species which for the pres- 
ent we may call Textnlaria ylobftlosa Ehrenberg. 

While Textularia seems to have flourished best in the 
deeper and purer waters remote from shore, the reverse is true 
of another group of forms that have usually been identified 
with Ehrenberg's Jtotalia ylolnilosa or liotalia aspera. Ac- 
cording to Brady, these ma}* all be referred to the genus 
Globigerina and represent a single species, the Glohiyerina 
cretacea of d'Orbigny. The forms in question present a wide 
range of variation among themselves, but the average or ideal 
consist of one or two spirally arranged whorls of rapidly in- 
creasing globular chambers the walls of which are thin and 
perforated by relatively large foramina. Among the depart- 
ures from the average type there are some with few, large 
chambers, agreeing well with G. buUoides ; while in slides from 
Saint Helena there are occasional individuals in which the 
last chambers are curiously elongated so as to impart to the 
entire shell an aspect identical with Brady's species, Globifj- 
erina dlgitata. The earlier formed chambers are in all re- 
spects like those of the typical Glohiyerina cretacea^ and it 
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will be in perfect accord with biological conceptions to regard 
the peculiarities of the individuals in question as due to acci- 
dental variations in the form of the terminal chambers, and 
not as permanent t?haracters indicating a distinct species. 
The young of the Globigerinte float at the surface, but as the 
shells, with age, increase in size and thickness the animals 
sink through the water and their minute tests become mingled 
with those of other species that spend their entire life in the 
ooze at the bottom. Now Brady's specimens of Globigerina 
digitata came from bottom dredgings. The species was never 
taken with the tow-net at the surface. It is probable that in 
each case the abnormal chambers were added after the organ- 
ism came to final rest amid the bottom ooze; and it is at least 
possible that the abnormality noticed may be due to the fact 
that amid this ooze the restrictions to normal growth are very 
much greater than those affecting the animals when floating 
freely near the surface. We have seen in the deformed and 
otherwise abnormal textularians that the simple protoplasm 
making up the bodies of Foraminifera responds to changes of 
environment in such a way as profoundly to affect the form 
and proportions of the siiell; and it is quite possible that, in 
the crowded conditions existing upon the sea bottom, some 
individuals were so unfavorably situated as seriously to inter- 
fere with normal, symmetrical growth. It is an interesting 
fact that the deformed specimens of Globigerina are associa- 
ted with the vigorous symmetrical types of Textularia at 
Saint Helena. Nearer the shore, as indicated by the material 
laid down at Sioux City, Hawarden, Auburn, and other points 
east of the Iowa boundary, the Globigerinie flourished in 
greater profusion than farther west, and evidence of distor- 
tion, or any interference with normal growth, among the 
multitudes of vigorous looking individuals that crowd the 
strata in this marginal part of the Niobrara basin, are ex- 
tremely rare. 

While Textularia and Globigerina are the predominent 
types in the region under consideration, there are other genera 
that show similar peculiarities of distribution. For example, 
a very beautiful species of Truncatulina, or probably Anoma- 
lina, is somewhat common at certain levels in the exposures 
at Saint Helena and Yankton, but there is not even a trace of 
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it in the deposits east of the Sioux river. Specimens of Buli- 
mina are not rare, and Polystomella, Cristellaria, and Frondi- 
cularia, occur occasionally at the western localities named, 
but farther east they are so far unknown. On the other hand, 
there are some genera peculiar to the region east of the Sioux, 
but it would scarcely add anything to the force of the facts 
already stated to enumerate? them. 

Probable cause of the differences observed. 

Is it possible to assign any cause for the observed differ- 
ences in the foraminiferal faunas of the eastern and western 
portions of the Sioux river region? Remember that from the 
beginning of the Dakota age to near the close of the Niobrara 
the region was practically one of progressive subsidence. 
There are evidences that we cannot now discuss of numerous 
oscillations of level, but on the whole the tendency of the sea 
bottom and the adjacent lands was downward. During the 
culmination of the peculiar conditions characterizing the 
Niobrara, the sea was clear and had considerable depth, bi^t 
not abysmal, over the present sites of Yankton and Saint 
Helena; while farther east the waters were shallower and 
may sometimes have been polluted by rock detritus to a slight 
extent during the upward phases of oscillation, or during pe- 
riods of excessive rainfall. All the evidence suggests a clear 
peaceful sea with its bottom gradually sloping away from the 
shore to only moderate depths. Upon the bottom of this sea 
the textularians flourished, while floating near the surface 
were the younger individuals of the globigerine forms already 
noticed. Either floating in the water or resting upon the 
bottom were the peculiar coralline plants of which the bodies 
called respectively coccoliths and rhabdoliths were constitu- 
ent parts. 

Now, the differences noted between the textularians at 
Saint Helena and those at Sioux City and Auburn are in some 
way connected with differences in physical conditions at the 
points mentioned. The only differences that are readily sug- 
gested are the differences in the depth and in the amount of 
earthy sediments over different portions of the area. 

No one can tell how such slight differences of environment 
would react on the simple living matter of Textularia, but 
that they did affect it profoundly becomes obvious upon 



160 The American Geologist, September, 18»4 

comparing the shells of the beautiful, symmetrical thrifty- 
looking specimens from Saint Helena with those of the starved, 
impoverished, deformed specimens from Sioux City and Au- 
burn. In the case of the globigerine forms that during most 
of their lives float near the surface, the condition of the bot- 
tom was not a matter of so much moment. The water at the 
surface was doubtless clear enough for their purpose, for even 
the small amount of sediment discharged into the sea by the 
sluggish, nearly base-leveled streams must have been limited 
to the lower strata of the water. Near the surface, too, food 
was doubtless even more abundant than it was at the same 
depth farther west, and thus it happened that near the shore 
the Globigerinje flourished, and their full grown shells, bear- 
ing every indication of life under most favorable conditions, 
settled down among the unhealthy and depauperated textulari- 
ans to which life had been a perpetual struggle with adverse 
surroundings. The shallow- water chalk contains large num- 
bers of shells of vigorous Globigerina? mingled with many small 

« 

and deformed shells of Textularia*, while the deep-wat«r 
chalk abounds in robust textularians with relatively few 
Globigorina?. Among the globigerine shells of the deeper 
water are a few rather remarkable monstrosities. 

Comparison with English Chalk. 

An attempt wa& made to compare our American chalk with 
that of England, but the opportunities for getting the desired 
number of examples from abroad were not good and the re- 
sults are not altogether satisfactory. Enough, however, was 
determined to demonstrate the presence in English chalk of 
the same species of Textularia and Globigerina that are so 
common along the Missouri: there are closely allied species 
of Frondicularia, Bulimina, and Truncatulina : there are also 
prisms from the outer layer of Inocerainus siiells; while en- 
closing and imperfectly cementing together all the larger 
objects are minute, dust-like coccoliths that cannot be distin- 
guished from those making up so large a percentage of the 
deposits of the Niobrara. The conclusions so long ago reached 
by Ehrenberg and Bailey* as to the identity of European and 
Missouri river chalk seem to be fully established. The water 

*H»'|)orts of th«' First. S»'C(»nd hikI Third Moctinps of the Association 
of American Cf(*oloj(fisls and Naturalists, p. iir>7, 1843. 
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in which the English chalk was deposited was probably deeper 
than the Niobrara sea between the present site of Yankton 
and the eastern shore, somewhere near the middle of Iowa. 
Neither sea was necessarily very deep. As to our Sioux river 
area of deposition I conceive that the lands draining into it 
had subsided practically to base level, and that therefore 
<;halk may have been deposited within a few miles of shore. 
The singular absence of corals, sea-urchins, and all the higher 
forms of marine invertebrate life, except one species of Ino- 
«eramus and one of Ostrea, requires explanation, but at 
present there is none to offer. The seas of the English chalk 
were somewhat richer in respect to such types of life than 
ours; but, compared with many other seas, their striking 
poverty in all but lowly organized microscopic forms must be 
acknowledged. 

The practical identity of conditions in the two widely sep- 
arated regions we have been comparing remains a fact of 
much scientific. interest. While, in the forms of coecospheres 
and Foraminifera, the lowly and the obscure of earth's or- 
ganic hosts were revelling in peaceful and unpolluted seas in 
the longitude of the first meridian and contributing their 
dead skeletons to form the chalk of Europe, far away to the 
west, beyond the 90th meridian, more than a quarter of the 
way around the globe and separated from the first area by an 
abysmal ocean and a continental mass of land, there was 
another clear sea with* low flat shores in which the same or 
very similar humble types of life were contributing material 
to form the chalk beds of Iowa, South Dakota and Nebraska. 



SUMMARY OF FACTS PROVING THE CAMBRIAN 

AGE OF THE WHITE LIMESTONES OF SUS- 

SEX COUNTY, NEW JERSEY. 

By Frank L. Nason. New Brunswick. N. J. 

In the prolongation of the Appalachian system through 
northern New Jersey, eastern New York and beyond, there 
exist areas, some portions of which are white, highly crystal- 
line limestones, while others are blue and more or less unal- 
tered: the former have generally been assumed to be of 
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Archaean age. The basis of this assumption as to the age of 
these rocks is evidently due to their association with the 
gneisses and highly metamorphosed rock which form so prom- 
inent a feature of this region, together with their highly 
crystalline condition, and to the general absence of fossils. 
Upon such evidence, their Archaean age has not only been 
generally accepted, but considered so positive a fact by many 
authors that such features as they present have been used as 
a factor in determining the supposed Archaean age of lime- 
stones elsewhere, and, in general, as proof positive of pre- 
sedimentary limestones. 

This determination of these and other crystalline areas was 
quite natural and consistent at the time it was first made in 
New York and New Jersey ; for then the whole sedimentary 
series was terminated below by the Potsdam sandstone, and 
everything older was considered as belonging to the Azoic. 
With the progress of geological science, and after the estab- 
lishment of the Cambrian or Taconic system of rocks, one by 
one these pre-Potsdam sedimentaries have been rescued from 
the Azoic or Archa?an and their Cambrian age established by 
means of fossils. In general there remain undetermined at 
the present time only the more crystalline and metamorphic 
regions generally not directly connected with unaltered sedi- 
ments of known age. In many cases the crystalline areas 
shade off into fossiliferous strata in undisturbed regions and 
their correlations have been determined. 

It thus appears that many areas of altered sedimentary 
rocks, sufch as crystalline limestones, schists and quartzites 
still remain in the Archiean, simply because they cannot yet 
be correlated with any known horizon. This is in itself no 
evidence of their true relationships, and is inconsistent with 
proper methods of geological correlation. It is a curious fact 
that the assumption having once been made that these rocks 
were of Archa?an age, the lithological features that they dis- 
played, especially in the presence of chondrodite, gradually 
came to be regarded as proof in itself of their Archaean age. 

These crystalline limestones have, since 1864, been de- 
scribed in the various reports of the Geological survey of New 
Jersey as members of the series of crystalline rocks of Azoic 
or Archtean age. In 18S8 and 1S89 the writer was engaged 
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in studying the limestone area in northern New Jersey, and 
the facts observed in the field led to serious doubts as to the 
correctness of the views previously held. This led to a de- 
tailed investigation of the area, especially in the vicinity of 
Franklin Furnace, which resulted in accumulating a series of 
related facts which prove conclusively the post-Archa?an age 
of all of the limestones and quartzites in this region. These 
results were published by the writer in 1890,* but owing to 
the great length of time during which the former view had 
generally been held, and during which it had come to be con- 
side'i'ed as a positive fact, these conclusions met with a tardy 
acceptance and are still doubted by some. Additional papers 
on this subject have been published by the writer ;f and re- 
cently Kemp and Hollick, in an excellent paper* on the north- 
ern portion of the same area extending into New York state, 
reach the same conclusions as a result of their very careful 
work in the field and in the laboratory. It therefore seems to 
be an appropriate time for a concise summary of the facts 
which prove that the white limestones of Sussex county, N. 
J., including the deposits of franklinite and zinc ores, are of 
Cambrian age. This it is proposed to do by establishing the 

truth of th^ following statements : 

1. The white limestones are continuous with the blue limestones (now 
accepted as of Cambrian a^e) and every decree of transition may be 
found between them. 

2. Ik>th have the same dip and strike. 

3. Both are conformable with a (juartzite also containing Cambrian 
fossils. 

4. Both are unconformable with the gneiss upon which they rest. 

5. lU)th have in sum total the same chemical comi)osition and are 
magnesian. 

6. The altered crystalline condition of the white limestone is due to 
the intrusion of igneous masses and to regional metamorphism, while 
the blue limestone never contains such igneous injections. 

7. The presence of certain minerals. es|)ecially chondrodile, is not in- 
dicative of geological age. 

1. The continuity. In crossing the strike of the limestones 
from the white to the blue, where there is a continuous expos- 
ure, one of two things is always to be observed: either (a) 

•Ann. Rep. Stale Geol. of X. J., 18JK). 

f American (iKouxjist, April, IHOl: Stpt., 181H ; March. 181M. Trans. 
Am. Inst. Min. En., Feb.. 1894. 

JAnn. X. Y. Acad. Sci., vol. vii. 189:{. 
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there is a continuous but gradual transition in color and crys- 
talline texture; or (ft) there is a brecciated zone. 

(«) In many localities where the white and blue limestoues 
lie in close proximity, it is to be observed that the former has 
lost its most striking characteristics. It is no longer coarsely 
crystalline; its color is neither white nor yellowish white, but 
has rather a bluish tinge. The graphite, which, in the coarser 
rock, occurs in bright crystalline scales, appears rather as a 
dull earthy mineral, with occasional bright flecks. The rock 
has usually a pressed appearance, and in many instances a 
distinct slaty cleavage. At this stage the graphite, perhaps, 
would even yet suggest that the limestone should be classed 
with the crystalline series; but within a few feet these char- 
acters change, the rock becomes less and less crystalline, the 
graphite loses the last trace of crystallization and shows as 
cloudy carbonaceous aggregations, and then comes the wholly 
unchanged blue dolomite. This transition is to be seen in a 
score or more of localities; but to make sure that there was 
no possibility of error, the writer had a trench dug across the 
strike of the rocks showing a contra ft ovs exposure. The only 
result of this trench was to disclose more detail which served 
to verify the conclusions reached in other localiti^'S. 

(6) In another phase of the observed transition, as has al- 
ready been stated, the rocks are brecciated at the point where 
contact should be observed if they belonged to dilferent hori- 
zons. Instead of the pressed appearance, with consequent de- 
velopment of slaty cleavage, one passes quite suddenly from 
the coarse white limestone to a zone of breccia. This is made 
up in places of practically unchanged, angular blue limestone 
fragments, with interstitial filling of coarsely crystalline, 
white, graphitic limestone. Breccias also occur in the midst 
of large white limestone belts; and distinct fragments of 
limestone are frequently found which are less white, less crys- 
talline and less graphitic than the enclosing mass. If the 
whit^^ graphitic limestone is older than the blue, how can it 
contain fragments of it? 

2. Dip (tnff strike. There are many places v/hich show ex- 
posures of both the blue and whit« limestones. Their dip is 
the same, and also their strike. Instances may be found 
without number, and the details of many of them are given in 
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the publications cited. Along anticlinal axes one side may be 
wholly white limestone, while the other may be part blue and 
part white, both the latter having the eamedip and strike, as 
is shown in one instance in the Riideville quarries, and simi- 
lar facts have been observed elsewhere. 

3. Conforinahility with quartzite. The blue limestone has 
been shown {loc. clt.) to contain OboUUa craaga, and is there- 
fore referred to the Lower Cambrian. The quartzite. which 
generally underlies the limestones of the region, contains 
abundant remains of Oleitelliin and other fossils, and its age 
is thus positivelj' determined to be Lower Cambrian. 

Wherever studied, both the white and blue limestones are 
found to be conformable with and above this fossiliferous 
quartzite or sandstone; and therefore they caiuiof be of Arch- 
itan uge. A good illustration of this may be seen in Hardie- 
tonville, where the graphitic /busZ/f/'eruHif quartzite in contact 
with the granite is conformably overlaid with acoarsely crys- 
talline graphitic limestone which gradually passes out into a 
foseiliferoua blue limestone overlying the same quartzite. The 
white limestone is continuous with that of the region and is 
everywhere filled with intrusives. 

These relations arc diagrammatically represented in the ad- 
joining figure. The sandstone being less affected by meta- 
morphic action than the limestones, retains its fossiliferoiis 
contents up to the line of contact with the dike. 




4. UHco)\foi-mnbHil!i with the jiiieixs. In spite of the fact 
that there is apparent conformability with the franklinite and 
zinc beds of Franklin Furnace, the conformability is only ap- 
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parent and not real. The fossiliferous blue limestones and 
sandstones, dipping to the northwest lie on the upturned edges 
of the series a few hundred feet to the west. But following 
along the strike of both outcrops, the white and the blue, the 
two come together and completely cover the gneiss just north 
of the Trotter mine. 

Instances have been mentioned in this paper where anti- 
clinal axes, one flank being blue and the other white, at one 
end of a hill, have both flanks white at the opposite end. No 
gneissic anticlines have been observed in the valley, while 
anticlinal structure is very common in the white limestones 
and with whit« and blue, as mentioned. 

The statement that gneisses occur interstratified with the 
white limestone is erroneous. There is no phenomenon of the 
kind to be observed. Granite, greenstones, and scapolite dio- 
rite are of frequent occurrence, but they are doubtless erup- 
tives; the granites are certainly so. 

5. Identity in chemical composition. It has always been 
considered that while the blue limestone is magnesian, and 
therefore a dolomite, the white is purely calcareous; and this 
has been used as an argument for considering them as distinct. 
As a matter of fact, however, as the writer has shown by an 
extended series of chemical analyses,* the white limestone is 
also dolomitic, and it was further shown that the percentage 
of magnesia varies from place to place in each, and that spec- 
imens of both can be obtained which have the same compo- 
sition. 

It is true,. that in the immediate contact with igneous rocks, 
the carbonate that is present is essentially that of lime, and 
that the rock often shows a decreasing content of magnesian 
carbonate as the eruptive is approached: but this maybe 
readily explained by a consideration of the following facts. 

The white limestones are well charged with crystallized 
minerals; the blue limestone is free from them. The transi- 
tion zones show mineralization in a decreasing degree fron the 
white to the blue. The chemical composition of the white 
and blue rocks does not vary essentiall}-. Magnesia is not 
present in a fixed percentage in dolomitic limestone, and it is 
certainly not constant in the blue one of Sussex county. The 

♦American (jrEOLOOii*T, March, 1894. 
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range of magnesia is very great, but it is never absent from 
either variety as shown by the analyses. In considering the 
chemical composition of these rocks as a whole, the composi- 
tion and distribution of the minerals contained in the white 
limestone must also be taken into account. These are con- 
fined to the vicinity of eruptive rocks, especially the granites 
and scapolite diorites;and it will be there found that the 
carbonate rock which contains them is now low in magnesia. 
It will also be observed that the principal minerals are those 
high in magnesia, such as phlogopite, biotite, pyroxene, horn- 
blende and especially chondrodite, which is the most abundant 
of all and contains over 50 per cent, of it. Considering, then, 
the foregoing facts, it is impossible to escape the conclusions 
that the magnesia in the minerals has been derived wholly 
from the rock in which they are now fcmnd, and that the con- 
taining limestone was formerly a dolomite and has become 
de-dolomitized by the metamorphic action of the intruded 
granites and other eruptives. Were the magnesia now locked 
up in these minerals re-distributed in the form of a carbonate 
through the containing limestone, the result would be a dolo- 
mite in no way distinguishable from either the white or blue 
dolomite. 

6. Present condition of the white limestones due to itjneons 
rocks. The white limestones and the blue as well are not 
isolated, the one from the other, but they lie in the same val- 
ley, shifting from side to side with the appearance of granite 
or other intrusive rocks. Moreover, the white limestones are 
never found outside of a greatly disturbed belt, and never 
far distant from igneous masses. This point has been touched 
upon so many times that it is hardly necesf ary to repeat it, 
but the fact is so patent to a field observer that it cannot be 
emphasized too strongly. The crushing, heat, and pressure, 
resulting from this great complex of intrusions, were amply 
sufficient to completely metamorphose much more refractory 
sediments than these. 

7. Chondi'otlite n<ft indicative oj' geolo(fic(ft ft(/e. The min- 
erals associated with the white limestones have long been 
used as an argument in support of its Arcluean age. So many 
of them, however, have been shown in various localities to be 
merely the result of metamorphic action of intruded igneous 
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masses, that this point has almost wholly lost the signifieance 
it once possessed. By some, however, the mineral chondro- 
dite is still used in this way with the force and rank of a 
characteristic fossil, since it occurs abundantly in certain 
phases of the white limestone. 

Prof. J. D. Dana* has well observed in a paper on certain 
rocks of the Connecticut valley: **What reason is there in 
chemistry or geology why crystals of andalusite and stauro- 
lite should have been* made only in pre-Silurian time? Anda- 
lusite consists simply of alumina and silica, and staurolite of 
the same along with iron. These three ingredients are now 
and ever have been the most abundant of all the mineral con- 
stitiients of the globe." 

To these chondrodite might well be added, along with all 
other minerals, since their production depends upon a union 
of certain chemical elements under the proper physical con- 
ditions and is in no wise a function of geological age. 

In regard to chondrodite, composed as it is of silica, alum- 
ina, magnesia, iron and fluorine, no one would claim that its 
elements were Archaean or restricted to Archjean formations, 
unless, possibly, it might be the fluorine. This latter element, 
however, along with boric acid, is well known to be one of 
the most constant accompaniments of igneous magmas, re- 
vealing itself in the composition of various minerals formed 
by fumarole action. Many instances of this might be given, 
but, as geological literature is full of suvrh, it will be sufficient 
to cite the well known occurrence of topaz in the cavities of 
rhyolites in Colorado and Mexico; while the actual presence 
of hydrofluoric acid in gaseous emanations from the fuma- 
roles in the crater (»f Vulcano has been shown by actual 
chemical tests by Scacchi,f and various volatile fluorides are 
known to occur after eruptions as efflorescences at Vesuvius. 

Moreover, the fact that chondrodite is not always of Ar- 
chtean age is proved by its well known occurrence at Mt. 
Vesuvius in cavities of the ejected blocks of the Cretaceous 
dolomite which forms the pediment of the volcano. Its forma- 
tion there is evidently due to the action of mineralizing vapor, 

♦Am. .Tour. Sci., III. vol. vi. p. :r>0, 187:^. 
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under great heat and pressure, upon the limestone blocks, and 
it is, therefore, a marked instance of contact metamorphism. 

Chondrodite is in fact a mineral resulting from the contact 
action of igneous magmas on magnesian rocks, and, far from 
being a function of their geological age, it is most certainly 
indicative of the close proximity of intruded igneous rocks. 

In conclusion, from the establishment of the continuity of 
the white and the blue fossiliferous limestones in New Jer- 
sey; their conformability with the fossiliferous Cambrian 
quartzite; their unconformability with the underlying 
gneisses; their identity of chemical composition; their dif- 
ferentiation only through igneous action ; and their similar- 
ity of dip and strike — the writer has proved their Cambrian 
age and that their reference to the Archwan is no longer 
tenable. 



THE ELK HORN CREEK AREA OF ST. PETER 
SANDSTONE IN NORTHWESTERN 

ILLINOIS. 

By Oscar H. Hershey, Freeport. 111. 

In the various reports of the Illinois Geological Survey we 
find mentioned and described only three areas of outcrop of 
the St. Peter sandstone in the state, namely, along Rock river 
from Grand de Tour to Oregon, along the Illinois river in La 
Salle county, and at the Cap au Gres bluff in Calhoun county. 
Nor have I been able to learn from any other published source 
of the surface exposure of this characteristic formation in 
any but the above tracts. So when, some months ago, I acci- 
dentally discovered a considerable outcrop of the sandstone 
in a valley in the extreme western part of Ogle county I made 
a somewhat detailed study of it, which study has resulted in 
bringing to light several perhaps not unimportant facts. 

As indicated by the accompanying map, the outcrop under 
discussion occupies the valley of the Elk Horn creek and 
tributary streams, in Ogle county, about one to seven miles 
southwest of the village of Foreston. It reaches the Carroll 
county line at several points, at the most northern of which it 
extends into^that county about half a mile. 

The topography of the tract is essentially that of the drift- 
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lesp area, modified but slightly by gincial action. The ice 
eeems to have passed over tlie country without abrading the 
rock surface, except on the crests of the highest hills. The 
amount of till or boulder clay deposited in the region is in- 
significant, but the chief ohstnele ti> an examination of the 
stratified rocks is presented by a mantle of loess, which, 
though rarely exceeding K or 10 feet in thickness, is continu- 

r 




Hap nt the Blk Horn eraek are* at St. Petor 



OU8 over hilltop and valley bottom alike. Here and there, 
however, modern erosion has removed this loess on steep hill- 
sides, especially on the slopes underlain by the sandstone. 

The geographical extent of the outcrop of each formation, 
especially of the sandstone, can be largely determined by the 
topography alone. Beginning with the Catena limestone rim 
of the basin (resembling a basin when viewed from surround- 
ing bights), we lind it characteriKcd by an undulating topog- 
raphy with comparatively gentle slopes. This has been 
elfected by glacial action. Descending to the Trenttm lime- 
stone we find the ravines narrower, with steeper slopes, and 
outcropping rocks more numerous. Still l()wer, we can readily 
determine the situation of the SHndst<me by comparatively 
narrow, very steep-sided valleys, with nil the angles beauti- 
fully rounded ott'. instead of being sometimes sharp and an- 
gular as on the surrounding limestone areas. In short, the 
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sandstone presents the singular phenomenon of resisting ero- 
sion well en mattse, but j^ielding very readily on angular 
projections. This is characteristic of the St. Peter sandstone 
throughout its extent, and it has been commented on by many 
writers. 

It is here proposed to give a short description of the diti'er- 
ent formations observed in the area covered by the map. But 
it is presumed that the reader is already well acquainted with 
their general characteristics as exposed in other outcrops, so 
that only those features which seem peculiar to this vicinity 
will be menti(»ned. 

Description of the Rock Fokmations. 
Lower Maffnesian limestone. Extending for several hun- 
dred yards along the south bank of Elk Horn creek, where it 
crosses the Freeport and Sterling road two and a half miles 
southwest of Foreston, there is exposed a formation which is 
essentially different from the overlying St. Peter sandstone. 
It reaches a hight of 10 feet above the creek level and pre- 
sents the following section, in descending order : 

Feet. 

1. Br«cciHted siliceous dolomite apparently broken and 

re-cemented on a seashore 1 

2. Greenish and yellow-brown, argillaceous dolomite, and 
thin laminated siliceous shales W 

3. Thick, light-butf or yellow stratum of subcrystalline 
dolomite 1 

4. Very thin-bedded siliceous dolomite and chert 4 

5. Heavy-bedded dolomite, like No. 3, exi)osed to the 
creek level, about 1 

The breeciated limestone at the surface of the formation is 
perhaps the most interesting of all. A stratum of dolomite 
which was originally laid down and lithified to a compact 
<;ondition, has been broken up into angular fragments of vari- 
ous sizes reaching as much as one foot or more in length, 
which have been thrown together in a confused mass and re- 
eemented, apparently by the same dolomitic substance. The 
breccia al here exposed averages one foot in thickness, but it 
reaches as much as several feet in some other places. The 
contact with the overlying sandstone is not well exposed, but 
it is presumed to be unconformable. Now of the three chief 
processes by which limestone breccias may be produced, 
namely, (1) by pressure, chiefly lateral, as in the Devonian 
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limestone in Iowa, (2) by the dissolving of some portion of 
the stratum subsequent to the formation, lithifiieation, and 
elevation of the rocky strata above sea level, brecciation of 
the remainder, and reeementation,by percolating waters, as in 
the dolomites of the Ozark series in Missouri, and (3) by the 
breaking up of a stratum by the waves on a rocky sea shore 
previous to the deposition of the overlying formations, as in 
the Lower Magnesian limestone in Wisconsin, the last is 
considered (after having studied the matter as closely as pos- 
sible with the very limited outcrop) as the only process by 
which the breccia under discussion could have been produced. 

The two heavy-bedded dolomitic strata, numbers 3 and 5» 
resemble the Galena limestone and still more strongly the Buff 
limestone underlying the Trenton proper. But they are more 
compact, liner grained, and lighter colored than the Galena, 
and are a purer dolomite than the Butf, which always contains 
considerable argillaceous material. Furthermore, there is a 
tendency to develop exfoliation or something similar to it, by 
No. 5, on erosion. The very thin-bedded silicious dolomite. 
No. 4 of the section, is characteristic of this f6rmation, no- 
where appearing in any of the formations above or below. 
Enclosed between two heavy-bedded pure dolomite strata, its 
white, cherty, one inch layers are in strong contrast to them. 
There are also thin layers of pure sand. 

There are indications of fossils, mostly the almost obliter- 
ated casts of gastropods, in the dolomite. One imperfect 
specimen was secured, but the formation may be considered 
as only slightly fossiliferous. 

With what formation of neighboring states may this be 
correlated? Of the few wells in the immediate vicinity, one 
at least penetrates the limestone, but not to any considerable 
depth. So the only means of determining its thickness is the 
outcrop, which has a vertical extent of 10 feet. It is very 
probable, however, that it extends down many feet below the 
creek level. From the outcrops and well sections of the St. 
Peter sandstone in Illinois and neighboring portions of Wis- 
consin, no intercalated stratum of limestone or shale has ever 
been reported. Nor does it at all seem probable that here in 
this one small spot in the early Silurian sea, dolomite and 
shale would be deposited, while sandstone was being laid 
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down for hundreds of miles in every direction. On the con- 
trary, whenever, in passing downward through the St. Peter 
sandstone, the limestone is reached, it is classed as Lower 
Magnesian or Calciferous limestone, and the sandstone beds 
which are intercalated with it as Calciferous sandstone. I 
shall follow this classification here for the following, in addi- 
tion to the above reasons. The dolomite, shale, chert, and 
breccia here discussed, are an exact imitation of portions of 
the Lower Magnesian of Wisconsin and Missouri. Moreover, 
the same erosion interval appears to be present here as has 
been shown to exist in Wisconsin between the Lower Magne- 
sian limestone and St. Peter sandstone. A slight nonconform- 
ity is doubtless proven by the phenomena of the breccia ; but 
a greater unconformity is inferred from the following facts : 
Over the highest part of the dolomite exposure the sandstone 
is about 75 feet thick. To the south and west the sandstone 
sometimes reaches 100 feet or more above the creek, and yet 
the creek bed shows sandstone. Also, a short distance east of 
a 6 foot exposure of the dolomite it was only reached in a 
well at 30 feet below the creek level, although both dolomite 
and sandstone are apparently nearly horizontal at this place. 
Furthermore, the St. Peter sandstone is 207 feet thick in 
Stephenson county to the north, and about 200 feet thick at 
the outcrop on Rock river. It is evident that there is consid- 
erable variation in the thickness of the sandstone in this por- 
tion of the state. But the upper surface of the sandstone 
appears to be nearly even; hence it must be the lower surface 
whose unevenness produces this variability in thickness. This, 
of course, is caused by a very uneven surface of the Lower 
Magnesian limestone, which was most probably produced by 
subagrial erosion in northwestern Illinois, as in Wisconsin. It 
must be acknowledged that the evidence supporting the 
hypothesis of a C'ambro-Silurian land surface in Ogle county, 
Illinois, is very weak: but there must have been one small 
spot on the site of the present Elk Horn valle}- that was an 
island over which the waves broke just previous to the depo- 
sition of the St. Peter sandstone. 

The altitude of the toy) of the Lower Magnesian limestone 
in the Elk Horn valley is about 800 feet above the sea, mak- 
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ing this the highest point, so far as known, TTWBbed bj this 
formation within the state of Illinois. 

St, Peter sandstone. This formation, as the map shows, 
underlies about ten square miles in the valley of the Elk Horn 
creek and its tributaries. Beginning in the valley of the 
main stream a short distance southwest of Foreston, it fol- 
lows the creek to Brook vi lie on the Carroll county line. North 
from Brookville it occupies the valley of a smaller creek for 
several miles, and at two or three points passes into Carroll 
county. From the main body of the outcrop near the Free- 
port and Sterling road, one broad arm runs west three and a 
half miles reaching a half mile into Carroll county. The exact 
boundary of the area is very sinuous, as it is dependent on 
the ravines and valleys and on small faults which have been 
det«ct«d in various parts of the tract although obscured by 
the overlying loess. 

The St. Peter sandstone has been too often described to re- 
quire a minute description here. There are, however, some 
features which may be peculiar to this region. The iron con- 
cretions, '*like broken iron pots," found in the Wisconsin and 
Rock river outcrops, are absent. The entire mass has been 
stained with oxide of iron by percolating waters and is 
brightly colored, red and yellow predominating. The lowest 
exposed strata are heavy-bedded and tolerably solid; but the 
great mass of the formation is laminated and loose. There is 
a six foot stratum of light green shale near the top, which is 
persistent throughout the area and is overlain by one or more 
heavy-bedded, partially lithified strata of white or light gray 
sandstone, constituting the top of the formation. About the 
center of the northwest arm of the outcrop there is an expos- 
ure in a bluff of 65 feet thickness of sandstone. This locality 
is interesting because of the beautiful false-bedding. The 
strata dip rapidly in all directions. One portion may dip 
south as much as 30^, and the sandstone immediately above it 
may dip north, east or west at the same rate. This confused 
stratification could not have been produced except near the 
surface of the sea, and from the fact that the dip is in all di- 
rections, it is considered very probable that here was a very 
shallow spot, perhaps at times a low island or sand bank in 
the midst of the Silurian sea. Other places also sh(»w false 
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bedding, dipping, however, more decidedly in one given direc- 
tion. Resting upon the upturned edges of these layers, there 
is generally one thick horizontal layer of sandstone near the 
top of the formation. Evidently the subsidence was in 
progress which resulted in the deposition of the Buff lime- 
stone. As already intimated, the thickness of this formation 
in this area is only from 75 feet to somewhat over 100 feet, 
while in all directions from it in northwestern Illinois the 
thickness is not less than 200 feet. It attains an elevation 
above sea level of nearly 900 feet, a little less than in the Rock 
river outcrop. 

The Buff limestone. This underlies a narrow strip skirting 
the sandstone on its southern and western side. It is a mod- 
erately thick-bedded, butf or light brown dolomite, argilla- 
ceous, and nearly free from fossils. Its thickness is about 20 
feet, thinning out to the northeast. It passes, by insensible 
gradations upward into the Blue limestone and downward into 
the St. Peter sandstone. Hence its lower portion is very sandy 
and sometimes shaly. Its designation as Bulf limestone is 
deceptive, for under cover it is just as frequently blue as the 
Trenton above it. Perhaps the term Pecatonica limestone 
would be more appropriate, as it is best exposed in the Peca- 
tonica valley, near the Wisconsin line, and northward. 

Trenton or Blue limestone. This surrounds the sandstone 
outcrop and is exposed in four quarries and a number of 
smaller excavations. When drilled through, it is of a deep 
blue color; but generally on outcrop it is a thin-bedded, light 
blue-gray or light brown, very fossiliferous limestone and dol- 
omite, with a few very thin layers of shale. In the vicinity 
of the small fault marked on the northern portion of the map, 
it is characterized by the vast amount of fossils with which 
it is thickly packed. 

What makes this locality doubly interesting is that, besides 
the small fault above mentioned, it shows an unconformity or 
hiatus between the St. Peter sandstone and the Trenton lime- 
stone. The very fossiliferous thin-bedded Trenton limestone 
rests directly on the sandstone, the Butf limestone, which sep- 
arates them around the south and west boundary of the area, 
being here absent. The upper stratum of the sandstone is a 
loose, unstratified mass, about two feet thick, which is com- 
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posed of sand and clay, with no calcareous material. Now, 
the St. Peter sandstone in this region is always distinctl}* 
stratified and free from clay. This particular stratum is more 
like the geest or residual material which has collected over 
the sandstone in the Driftless Area. Moreover, it contains 
reddish brown oxide of iron in patches, which iron stain re- 
sembles that found in surface claj^s at the present day, and 
differs decidedly from the iron stains so common in the sand- 
stone. Over this loose sand there are a few inches of dark 
brown stratified clay, which would be exactly imitat<.*d were our 
present black soil washed away and redeposited b}' currents 
of water. Over this lies the fossiliferous Trenton limestone. 
Nowhere in this region have I found such strong evidences of 
a land surface and soil in Silurian times. The Trenton lime- 
stone is here about 40 feet thick. The Butt' limestone is 
present as indicated by outcrops and well sections, in all di- 
rections from this locality. As there is no stratigraphic break 
between the sandstone and Butf limestone when it is present, 
the land surface here shown to have existed must have been 
small, probably an island a few square miles in area. Similar 
spots of absence of the Buff limestone have been reported 
from the Rock river area and other places in northwestern 
Illinois, and there thus seems to have been a slight but ex- 
tended disturbance in this region during the earlier portion of 
the Trenton period. 

7'he Galena limestone. This underlies all the higher upland 
country, but it is scarcely anywhere exposed. Its thickness 
here is not over 100 feet, while in Stephenson county to the 
north it is 160 feet, and about Galena and Dubuque 350 feet. 

Deformations ok the Akea. 

The area whose geology is under discussion is crossed by 
three anticlinal axes. The main axis trends from northwest 
to southeast and is a continuation of the Grand de Tour — La 
Salle anticlinal, which is the chief axis of northern Illinois. 
This anticline in the Elk Horn district is not very prominent, 
the strata dipping in both directions from the crest at a rate 
not exceeding 30 feet per mile. This alone could not have 
brought the St. Peter sandstone to light; but it is the inter- 
section of this with two east and west anticlinals which 
has 80 elevated the formation that stream erosion has laid it 
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bare. These two secondary axes are so close together that the 
synclinal trough between is almost imperceptible. It is rath- 
er to be described as a flat-topped uplift from one to two 
miles wide, with a slight axis or ridge at either side of it. 
But from the fact that these two bordering ridges diverge and 
become more easily distinguishable to the west, I prefer to 
consider them as two anticlines. They sweep across the dis- 
trict in slightly curved lines, trending in a general east and 
west direction, and concave to the north. On a line directly 
south from the cit}^ of Freeport, the curvature is rather more 
decided than further east or west, the axes there turning from 
a slightly south of east to a slightly north of east direction. 
It has been observed that all the deformations of this portion 
of Illinois which come in by gently curved lines from Iowa 
turn rather abruptly toward the east-northeast on or near this 
$ame north and south line. From this fact, and because there 
was sometimes a small island and always an ascent to an ele- 
vated part of the sea bottom on the site of the present Elk 
Horn valley, it is inferred that this line occupies the position 
of the crest of a southern prolongation of the ancient area of 
uplift which has been frequently denominated the *'Isle of 
Wisconsin." This, in the subsequent reelevation and corru- 
gation of the territory, would determine the position of the 
most southern point of the various anticlinals which ('hamber- 
lin, McGee, nnd other geologists have shown to sweep around 
the Isle of Wisconsin in approximately concentric courses. 

Of the two east and west anticlines crossing this area, the 
northern one is the most prominent. The dip on the north 
«ide is about 100 feet per mile, or 1.7°. This is soon decreased 
to about 40 feet per mile and so continues six miles to the 
axis of the next synclinal, which lies on the Stephenson and 
Ogle county line. This sj^nclinal is occupied by an upland 
ridge, underlain by Niagara limestone, the edge of which is 
only four miles distant from the outcropping sandstone, and 
less than 100 feet higher. The westward prolongation of the 
anticline is occupied by the valley of Carroll creek, where 
Hon. James Shaw, in his ^'Geology of Northwestern Illinc»is," 
describes a slight axis. Eastward from this area, the posi- 
tion of the valley of Leaf river was probably largely deter- 
mined by this anticline; for it is the rule in this part of the 
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state that the streams occupy the anticlinals, and the larger 
upland ridges the synclinals. 

As already intimated, the dip between the two secondary 
axes of the area is very slight. But on the south side of the 
southern anticlinal the dip averages 120 feet per mile or 
2.04°. This, however, is not continued far, as the strata soon 
rise into another anticlinal. 

Besides these regular deformations, there are numerous 
local disturbances, the chief of which are small faults. One 
only will be described. This is two and a half miles south- 
west of Foreston, and the exposed portion shows the disloca- 
tion of the St. Peter sandstone and Trenton limestone. The 
strike is northwest to southeast. The dip is about 30° to the 
southwest. The downthrow is on the southwest side (on the 
anticlinal side), and amounts to 40 feet. This small fault is 
noteworthy, from its being the only one in this portion of the 
state where the actual contact can be observed. 

Summary. 

The history of this area, and its features of special inter- 
est, may be summed up as follows: 

Hisfonj. (a) Deposition of the Lower Magnesian or Cal- 
ciferous limestone, (b) Probable elevation above sea leve) 
and erosion of valleys, (c) Existence of a small island lying 
off the southern point of the Isle of Wisconsin. The waves 
beat about this island and over it, forming a thin breccia, 
(d) Deposition of the St. Peter sandstone. The sea in the 
vicinity of the now submerged island was shallow, and at 
times one or more sandy islets may have existed to the west 
of the old island site, as indicated by the irregular stratifica- 
tion, (e) Deepening of the sea and the formation of the 
Buff or Pecatonica limestone, accompanied by a slight eleva- 
tion in the northeastern portion of the area, forming a small 
island, (f) Slight erosion and slight soil production on this 
island, (g) Decided submergence of the entire region, and 
deposition of the Trenton, Galena, Cincinnati, and Niagara 
strata over it. (h) Last elevation above the sea level, accom- 
panied by the formation of slight anticlinals and nian3^ small 
faults, (i) Erosion of the present valleys. 

Fea fines of sjftriffi iu( treat, (a) The parallelism of the 
Lower Magnesian limestone of Wisconsin and the Elk Horn 
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area in their superior member consisting of breccia, and in 
there being a well marked erosion unconformity at its surface 
in Wwoonftin and Jin inferred one (supported by some facts as 
noted) in northwestern Illinois, (b) The similarity, in litho- 
logical constitution, between the Lower Magnesian limestone 
outcrops seen by the writer in Missouri and in the Elk Horn 
area, both displaying several features peculiar, as I believe, 
to this formation, (e) False-bedding is rare elsewhere in the 
St. Peter sandstone, but is common in this area, (d) Depos- 
its at the contact of the sandstone and Trenton limestone 
which seem to indicate conditions of soil formation, (e) The 
confirmation of Mr. W J McGee's suggestion, in his memoir 
on the "Pleistocene History of Northeastern Iowa," that the 
elevation of the strata to such a degree as to permit the St. 
Peter sandstone to outcrop at several points in Illinois is due 
to the intersection of different members of a system of paral- 
lel undulations, developed in Iowa and continued eastward in 
Illinois, with the Grand de Tour-La Salle anticlinal. 



HISTORY OF INSTRUCTION IN GEOLOGY AND 

PAL/EONTOLOGY IN GERMAN 

UNIVERSITIES.* 

By Karl A. von Zittel. Munich, Bavaria. 
In th(* fiindamonlal n'srarchcs of tin* prect'din^r and t)u* b«';rinninjr of 
th«' present c«*iUuri«»s, by virtue of which (it'olojry and Pahrontolojry 
rose to the di^niity of independent natural sciences, (ierman institutions 
bore only a very insij^niflcant part. Tlie hijrher academies of that jm'- 
riod could boast as a rule of but a sin>rl«* professor of natural history, 
who usually combined instruction in botany and Z(M)loKy, and sometimes 
also in mineralojry. The work of the modern field ->?eolojj:i si and tojK);*,'- 
rapher was carried on in those days merely by mining enjrineers, to 
whom, indeed, we are indebted for the first truly scientific reiH)rts <)n 
the areal «reolo^'y of a re^r^on. I^ehmann (ITHO) and Fiichsel (1762) pub- 
lished as lon^ ajro as the last century the results of theirobservationson 
certain mining' districts in Thiirinjria, established and defined the idea 
of "formatitms" (as for example the Kui)ferschiefer. Zechslein, Kolh- 
liegendes, etc.), and worked out the stratijrraphy for the Thtirink'«*r 
states. FQchsel eveii went so far as to attemi)t a carloji^rapliical deline- 
ation (»f his observations, and this, the first <;eolo^ical map ever con- 
structed, he proceeded further to »*hicidate by means of i)rofiles. Tlie 

•Translated, with permission of the author, from Die dcutschen Vntversttaten (ed- 
ited by Prof. \V. Lexis, Berlin, iS94t. by Charles K. Eastman. Ph. D.. Saint Paul, Minn. 
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practical significance of tlu'sc invfsti>?ati(>ns, howovcr. was not fully 
appri'ciati'cl until Abraham (Jottlob W»'rnt*r (1750-1817). profi*ssor of 
niinrralo^y in tho Fn'ilxTjr School of Min»*s, «'xt«*nded FUchscKs con- 
ct'ption of a p'oloirical formation and used it as a basis for his theory of 
the comjMisition of the earth's crust. Werner's remarkable ability and 
majrnetism as a teacher were the means (►f kindlinjr an enthusiastic in- 
terest in the ni'w science all over (lermany; and from the littl<» mininjr 
town in Saxonv there emanated a new intellectual movement which 
spread ev»'n into foreign countries, where it met with stronjr and tal- 
ented sui»porters in such men as Hutton, William Smith, l>«>lomieu. 
Cuvier, Uronjrniart, de Saussure and others, who had devoted them- 
selves to the study of p'olojry and paheontolo«ry. Althoujrh (iermany 
justly j)rides herself on iH)ssessin<r in tlie first decade of the present cen- 
tury three of the g'realesl and most illustrious minds in jjreolo«;y. Werner. 
Alexanth'r von Humboldt, and LeoiH)ld von lUich, nevertheless neither 
they nor their able coadjutors (von Fn'iesleben. Heim. von Hotf. von 
Schlotheim, Count Miinsler. Heinrich Credner. Hermann von Meyer 
and others) belonged to university circles, but were either indejxMulently 
fiituated or were enjrajired in other pursuits as well. 

Not until the second and third decades of the century, after the fun- 
damental principles of jrtnilo^y had become w<*ll established, did thf 
universities l>eirin to participate in the further development of ih** sci- 
ence; ihev s(H»n liH»k the lead, however, and have maintained th»'ir 
pri'cedence «»ver since. The first chair devoted exclusively to mineral- 
ogy (held l>y Ch. Weiss) was founded in 1S(\S in Berlin, and lhisexami>le 
t>t1ier universitii's were not slow to follow. Instruction in ireoloiry di-- 
volveit entirely on mineralojrisls. while pahiHtntoIojrical investiirations 
n*maineil in the hands of zooK»jrists and botanists. That iierlin. m 
conse<|u«Mice of the iHiwerfuI influence of Alexander von Humlx>ldt and 
LtH»|H»ld vtui Huch. shouUI have sttnxl so loiiir in the very forenu»st po- 
sition, WHS reallx less due to th«' efForts f»f the I'niversity itself than to ;i 
\ounsrer Ixxiy of hijrhly irifted. enthusiastic workers, who. >iiniulat»-d 
anti directetl by the two irreat masters, pushed out in all dir»*cti«nis in 
irtM»loir\. anil ft»uiuU'd in Kamttt^'M Arfhirm vi valuabh' oriran for th»-ir 
communicatii>ns. 

It was not loiitf. howexer, until nearly t-xiTv hiirh«r acad»'my in Jifr- 
man\ was pr»»viiled with a full pn»fevs4»r in mineraloi:\. ami paii)> w»r»' 
taken to secun* all M»rtsof aid-^ t*» instruction: es|Hciall} suit»>««f rork 
s|^'Clmens. ores, anil f*vssils: and at lh»- sam»' tim»*. owini: to liu- rapid 
>t rides IxMUiT made in ir»'t»lotry. a di\ision of laN»r b»cam»- im I'^'^NarN . 
.Vfter the ph\sioirraph\ of the \arii»u> min»*rals had U^t-n iii\»<tijj:ai»«l 
with siimetletfnt' «»f thorouirhiM'ss. mineraloir> sid»d o\»'r m<»r»- ii«arly 
in line with ohemi>ir\ and pinsics; whih* iriiih*!;} wa> un»h'r>«i«».Kl a> 
appl\in&r mor»* particularl\ t«» l^tla^»nl«»U^l:y and lithojuirN. t..;:.!ii.-r with 
th«' prx»blems t»f vulcaiiism, mountain-makius:. and ir»n»nil il\tianue ::•■- 
olosry. The difticuIlN of pn»|^'rly dir»M.Minir th** sifadii> aiii:m'iiiin:: 
numb«»rs of jni»li*i:ical disciples l>»*oamf mor»- ami m«»r»' >»ri«»u«». xii that 
first in Munich <IS-tiV then in IVrlin.anii b»»ft>re Kmi: ev»*n in th»- "^maiUr 
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universities, a second either full or assistant professorship in peolo^y 
and paheontolojry was established in addition to that in mineralojr.v. 
At present then* are three full professors in Berlin and two in lionn. 
Gotlin^en, Leipzic. Marburg, Munich, and Strassburg; most of the other 
universities retain a full professor in either jr^'olopy or mineralojry, and 
an assistant professor in palflRontology. On the individual* accom])lish- 
ments and the special services rendered to science by many of the occu- 
pants of thes<» chairs is based the claim which German universities have 
to make on the building up and furtherance of geology and paheontol- 
<»*ry. 

Among the older institutions of Prussia, lierlin was from the first 
the best equipped in facilities for instruction, in rich collections and li- 
braries, and in a strong corps of teachers. The researches of Gustav 
Rose, Rammelsberg. and Justus Roth in lithology, chemical geology, 
and vulcanlsm, the fruitful inquiries of K. Heyrich in the department 
of structural and historical geology, together with his geological recon- 
naissance of Silesia and the base of the Hart/., the pioneer investigations 
of Ehrenbergon microscopic rock-building organisms, .both recent and 
fossil, as well as the unfortunately too scantily recognized work of 
Oschat/. in the construction of microscopic sectionsof minerals and rocks, 
all contributed to make Berlin, even after the death of lieoixild von 
Buch, a leading center of geological and pala»ontological research. In 
December, 1848, the Deutsche GeoUtyutchf GesellMchaft si)rang into being: 
and with it a periodical was founded, which down to the present mo- 
ment ha* continued to exercise a most powerful intluence on the growth 
of geology and paheontology. 

lionii vied for a long time with Berlfn for the precedence. By a for- 
tunate coincidence there was gathered here, about the middle 
of the century, a notable company of scientists, such as Nogg^'r- 
ath. Bischof. (ioldfuss. Ferdinand R<M*mer, Mohr. (ierhardt vom Rath, 
Volgelgesang, Zirkel. and von Dechen, director of mining industries, 
all of whom were highly prominent in their various SfM'cialties. Von 
I K'chen's geological atlas of the Rhine country and Westphalia, which 
api)eared in JJ5 sheets on a scale of 1 : 80,()00. and was accompanied by 
two volumes of text, was the first geological map of a considerable f>art 
of (lermany executed on a large scale. It remains to-d:iy a remarkable 
instance of precise observation, and builds the foundation of all subse- 
(pient surveys. The publication of von Dec hen's (teof/nojtfi^ehe yeber- 
MirhtHkarte con Centrai Europu, in 18(>0, rendered the results of geological 
investigations universally accessible. Ferdinand Ii<M'mer's RheiniMchett 
Srhieferf/ebiry. dxul (Joldfuss's Petrefnrta OVry/if/wt/f, will endure as noble 
monuments to the patient industry and accuracy of German investiga- 
tors: while G. Bischof 's renowned Ijehrhnch der phytdkaliMrhen vnd rhem- 
Uehen Geohyie (^n^m^d \\\^ m an original manner a new and (juile unex- 
plored territory, and affected a permanent mtxlification of the current 
theories of volcanic action and the origin and metamorphism of rocks. 
In Bonn also originated the m(Klern n'form in i>etrograi>hy. The light 
thrown by H. Clifton Sorby's investigations into the microstructure of 
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rock-form inv: miiuTMls was first rcco^nizfil in its trut* significance by 
Ferdinand Zirkei (now of Loipy.ic), whose further development and 
refinement of the subject put an end to the lon^ fwriod of stajfnation in 
j)elro*jrap]iy. At llie head of t)ie modern sch(M>i of pelrojrraphers 
stands first of ail Zirkel. alongside of whom Uosenbusch and Cohen (of 
Heidell)erj^ and Strassburji:) are none the l<»ss conspicuous, not only on 
account of their penetrating^ researches, but also for havini? deviseci 
most skillful means for brinj^inj; tin* principles of physics and crystal- 
oj»tics to bear on the microscopic analysis of rocks. 

The l'niv«*rsity of Halle. Prussia, where (iermar, Fr. Hotfman. Kefer- 
slein. (iirard. and von Fritsch were en<fa«j:ed as •reolo«rists, and (iiebel 
and Hurmeister as palseontolojjists. lays claim to important services in 
the advancem«'nt of jreoloj^y and pahiM)nlolo*j^y. Hreslau, since its call- 
ing, in 1855. of Ferdinand Roemer, the leadinjr authority on I*aheo/.oic 
formations, to a i>rofessor's chair, has been the training school of a large 
number of (lermany's ablest and for the most part still living geolo- 
gists and ]>ahPontoh)gists, such as von Seebach, Schliiter, Hermann 
Credner, Eck, Dames. Tiet/.e, and numerous others. 

The beginning of the present century found a vigorous scientific life 
pulsating in GiUtingen University, Hannover. The ideas of Werner, Al- 
exander von Humboldt, and Leopold von Huch fell here on fertile soil. 
While Blumonbach had early- grasj^ed the important significance of 
fossils as means for identifying different strata, his successors, Haus- 
mann, whose investigations were by no means confined to mineralogy 
alone, Sartorius von Waltershausen, and C. von Seebach, rose to a still 
higher degree of influence among German geologists. Sartorius in par- 
ticular, through his monographs on Etna, on the'physical geography of 
Iceland, and on the climatic conditions of former |)eriods, enriched sci- 
ence with works of rare learning and of j^ermanent value. 

Among the universities of central and southern Germany, those in 
Heidelberg, Leipzic. Munich and Tubingen are the most important. 
Hei(h»lb4*rg commanded, as early as the third decade of the century, an 
advanced jxisitionin the linesof geological and [mheontological progress. 
In the {K?r8on of C. C. von Leon hard, compiler of the Miner alogiMchrn 
TiUfchenbuch aniX fimnder of i\w Neue^ JahrburhfUr Minernhgie^ deoloyi*', 
und Petrefaktenkundr (which, together with the Zdt^chrift <1er deutncfi^n 
geologinchfh Grndbtehaft, is the most imiN)rtant of all jx*riodicals in geol- 
ogy and palteontology). the university i)oses.sed a h'Cturer of charming 
elotpience. and a brilliant student of volcanic action and eru]>tive rocks. 
\\\ his side st(M>d H. G. Hronn, professor of zoi'^logy and j)aheontology. a 
man of prodigious scholarship; his lA'tfufn (reogntmtica is one of the bul- 
warks of geological and paheontological literature, while his (ienchirhte 
drr Natur and Indrjt PaUvontologirun were for many years most indisj>en- 
sible n*quisites for every worker in jmlH»ontology. The iH'trograi>hical 
studies of U. Hlum also occupy an enviable jHjsition in the geological 
literature of Germany. 

In Leipzic, beginning with 1842. C. F. Xaumann lectured in mineral- 
ogy and geology for thirty consecutive years, afl»*r having already 
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st»rved si.\tei*n years as pmft'ssor of crystallosrrnphy and jr*'t>>rnosy in lln» 
Fn'iberjJT Schcx)! of Mines, where h«* won r»'nown ft)r his excellent crys- 
tallo^raphic and min<'ralo^ical n'searchfs. While at Freiberir. also, he 
had been enjrajred with Hernhard von C'otia in the construction of a 
jreogm>stic map of Saxony, which was ]>ublisht'd on a scale of l:r-?0,(X)t) 
and exercised an immense inlhience on the growth of the minini; indus- 
tries. es{>ecially in the coal rejjions of Saxciny. and rivalled in iH)int of 
accuracy von IK'chen's map of Rhin"land and Westphalia. Hut Nau- 
mann's crowning geological work is his Lthrbueh (fer (ivoymmt, univer- 
sally recognized as the most thorough and comprehensivi' treatise on the 
subject and which remained for decad«*s the one ideal handb(M>k for 
every studf'iit of geology. Naumann's exceptional ability as a teacher 
made Leii)zic an imiH>rtant centi-r for training in mineralogy and geol- 
ogy: nor were the old traditions swept away at Naumann'sdeath, which 
occurred in 187.*i since his mantle fell on two such worth v successors as 
F. Zirkeland Hermann Credner, the latter of whom is the authorof the 
best shorter textb<H)k on geology that exists, and is director of the Sax«>n 
Geological Survey. In the study of j)ala*(»ntology, however, I^eij>/.ic 
offers but few advantages altliough the l)otanist Schenk, logeth»»r with 
Schimper, Geinitz, Weiss and, more recently. Count Solms-Laubach 
(Strassburg), has rendered most valuable service in enlarging our knowl- 
edge of fossil plants. 

Of the three Bavarian universities. Munich led the way by beginning 
in the second half of the century to take a lively interest in geological 
and palieontological discoveries. The rich collections of the Royal 
Academy of Bavaria, after the removal of the university from Land- 
shut to the capital, were placed in the custodianship of a university 
professor, with the privilege of th<Mr being used for educational and 
other scientific purfKises. Schafhftuil was the first full profe.s.sor of ge- 
ology appointed (1843), who devoted himself chiefiy to the investigation 
of the then almost wholly unknown geology of the i^avarian Alps, while 
A. Wagner, professor of zcwilogy, took charge of the pahiH>ntological 
work. Later, however, as W. Glimbel began his career as scientist, 
university instructor, and director of the State Geological Survey, and 
little bv little as the results of his fortv vears' exin^rience in theexhaus- 
live study of the geology of Bavaria were t)ublished in his great work 
{OeoynoHtiache Brschreibnng der biiyerhtchru Alprn, (fen oMtbai/cri/tchm (rrrnz- 
gebirgen^ dea Fichttlgebirf/ejt, und frankUchen Jura), and as at the same 
time Alb. Oppt'I entered upon his brief bul most successful jn'ricnl of in- 
struction, Munich b»'came more and more prominent as a training schtMil 
in geology and palaeontology, and during the last thirty years has turned 
out a g<HKlly number of some of the ablest younger geologists and pahe- 
ontologists, such as Benecke, Waagen, Schwager, Schirmbach, N»'U- 
mayr. von Sutnnr. Branco, Xaumann, Vacek, Pohlig. Bohm, St^inmann, 
Penck, Uothph'tz. Walther. (iottsche. von Ammon. Schlosser, U»ms. von 
Wcihrmann, Jaekel, P^berhard Fraas. and otht-rs.* 

[•The extreme modesty of the author forbids even the bare mention of his nanie in 
coanection with the University he has served so well. It is, however, scarcely necessary 
to add that the pre-eminence which Munich enjoys to-day. amonfc European training- 
schools m gcolc^' and palxontology. is due almost wholly to the rare ability and influ- 
ence of our master in these sciences. —Trans. 1 
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In TUbiii>r«*n, F. A. Qiivnslodt (18(MM880), oiio of tlir most orijrinal. 
broad -si (led and capabU' of (i^rman jr«*olojfists and paltpoiitolo^ists. 
taught for over half a c»'ntury. His tin^less enerjry \n investigating \\\** 
•reoio^y of Wiirttemberjr, and in particular the Schwftbian Jurassic, his 
rare talent for instruction, and his reputation as an exceedinjrly close 
observ'T, created for him such resp^'ct. not only on the part of his hear- 
ers and s|)ecial students, but of a far wider circle as well, that his name 
attained a wonderful poj)ularity and the jjeneral inti'rest in peohitry ex- 
tended even to social classes which in all other resj)ects hold nothing 
in common with sci«'nce. In many a neighborhood in the Scliwilbian 
Alps one meets with common |X'asants who are fond of collecting fossils, 
are perfectly familiar with Quenstedt*s subdivisions of the Jurassic and 
with a variety of other jr«*<>lo«,Mcal fac.ts. Quenstedt's career is an <'lo- 
queni example of what truly valuable service a single enlerprisinjr 
spirit can render, although commanding but the most limited resources: 
nor is his example by any means uni({ue in (iermany. Nearly all the 
universities above mentioned, not exci'ptinp even thi» smallest, can 
boaist of at least one or more professors in ^eolo^y, such as Dune her, von 
Klipstein, Fr. Sandberjrer. Pfaff. Streng, Kayser, von K<M»nen, Laspey- 
res, Johann Lehmann and others, who have esp<«cially signalized ih*»m- 
stdves eitJH'r as educationalists or as investigators. 

During the last three decades geological bureaus have been instituted 
in nearly all th<' states of (rermany, and in consecjuence a large share of 
the practical work formerly carried on in connection with universities 
has been absorbed. At the same time, however, these bureaus are as a 
rule placed under the direction of university professors, to whom in 
fact their initiation is usually due. Thechi«'f field of usefulness which 
mcKlern universities subserve consists in the giving of instruction, in 
the higher theoretical training otTered to younger siH'cialists, and in th«- 
opjxirtunities for conducting original research work. With the ever 
widening scoim' of the science, with the fairly overwhelming amount of 
working material and with new and refined methods of research, the 
necessity of changes and improvements in the mode of instruction be- 
comes self-evident. The functions of the m<Klern university professor 
are by no means restricted ti* lectures and excursions, but it is also of 
the utmost imjiortance that the b«*ginni'r should hav«' the actual work- 
ing mati'rial and the literature plac«*d in his hands, should >:ain f)racii- 
cal <*xf>erience in various meth<Klsof research, and should be entrusted 
with original research work under the instructor's direction. The 
prof)er fulfillment of these conditions presup|H»ses, of course, a thorough 
equipment in libraries and mu.seums. and the intnuluction of some such 
arrangement as one finds in chemical laboratories for example, where 
both beginners and advanced students find an opi>ortunity for engaging 
in individual laboratory work. Institutions of this character are to b<* 
found in connection with most (ierman universitiesof the present day, all 
differing more or less from one another, however, according to the means 
at dis|X)sal and according to the various scientific sjM»cialtiesof the indi- 
vidual instructors. While, f(»r instance, in Ixipzic, Heidelberg and 



Editorial Comment. 185 

Ureifswald th<» iM'troji^raphical sid»* is mon* ♦•sp^'cially ciiltivHtt'd, on tho 
other hand Iht* universities of Munich, Bf?rlin, Sirassburj?, Hreslau» 
lionn, Gottinjren. Halle and Tubingen, partly because of their rich col- 
lections and partly on account of their excellently organized and well 
equipped special Institutes, offer the best advantages for pal«H)ntologi- 
cal training. In the smaller universities, where the number of geologi- 
cal students is naturally limited, laboratory accommodations may b«» 
rt*duced to one or two nnims, and in some cases the students' working- 
collections are also placed here. In the larger institutions students in 
the elementary and in advanced courses work apart from one another, 
and the amount of space occupied is necessarily much larger. The in- 
strumental outfit consists mostly of microscojM^s, various kinds of saws, . 
grinding and iM>lishing machines, and other necessaries for the construc- 
tion of micrt>«c*>pic sections. 

If one will compare the advantages offered by German universities 
for the sftecial pursuit of geology and pal»*ontology with those existing 
in similar foreign institutions, the conclusion cannot be avoided that 
our institutions are by no means behind the others in |M)int of excel- 
lence, but, oi) the contrary, that tbey and their methtnls may well serve 
as models for other countries to pattern after. 



EDITORIAL COMMENT. 



"The Mineral Industry." 

The Scientific Publishing Company has recently issued its 
second volume under the above title. Aside from its title^ 
which i8 a misnomer, the work is very creditable and valuable. 
Such a title would lead a geologist to look for the statistics 
and methods of dealers in minerals, such as Geo. L. English or 
A. E. Foote, who have been known for many years as leading 
mineralogists and who have sent their consignments to nearly 
every college in America. But their names are nowhere to be 
found in the volume, at least they are not in the index. It 
has to be explained that this vohlme is not devoted to miner- 
als, but to the mining of such minerals as are of economic 
value, and to the methods of getting them into the markets, 
either in a raw state, as ores, or in a refined state suitable for 
the hand of the manufacturer. 

In the early years of a new country the energies of the set- 
tler are devoted necessarily to the quickest and easiest means 
of winning a comfortable subsistence, and that makes him a 
tiller of the soil. He becomes a manufacturer and a trader 
later, and last of all he becomes a miner. The United States 
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is just entering upon this last stage and has made considerable 
progress in it. This development of the economic side of ge- 
ology has been very rapid in America within the last fifteen 
years, and it foretells for the future such changes from our 
present methods of industrial economy that when they are 
fully established they will revolutionize many of the conven- 
tional ways of modern society. The discovery of the means 
to control electricity will lead directly to the employment of 
water power to execute most of the costly work at the mine. 
With a cheapening of the work will go an extension of the 
product of the mine, and this will extend the mining industry 
in all its ramifications. 

The American Institute of Mining Engineers has been the 
head and front of this rapid growth of the mining interests 
amongst the practical geologists of the country. It represents 
the best organized system for bringing together for compari- 
son and for preservation the results and methods of the scien- 
tific miners of the United States. Its establishment marked 
an epoch in scientific mining in America. Its published vol- 
umes are among the most valuable geological works of the 
day. Here the theoretical systematist in geology will find his 
theories put to the unfailing test of practice. It is not too 
much to say that to the miner, and hence to the mining indus- 
try, geology must look for most of its future progress, at least 
in the United States. In Canada the economic side of geology 
lias always been put to the front and systematic geology has 
been comparatively neglected. The reverse has been the case 
in the United States. The example of New York State, which 
has entirely neglected, officially, its economic resources and 
has spent much upon the technical and paleontologic aspects 
of geological science, has been followed by too many of the 
state survey's and too closely' by the United States survey. 
Economic geology has made headwa}^ in spite of this indiffer- 
ence. Speculative and technical geology has had the field for 
many years, but it becomes more and more apparent that 
room must he made for an extension of that phase of the sci- 
ence which directly concerns the greatest number of people. 

The second epoch-marking event in this progress is the es- 
tablishment of the publication which is above referred to. 
The United States Geological Siirve}' has made an effort to 
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publish the statistics of mining in the United States from 
year to year, and its annual reports on statistics have fur- 
nished a record of a mass of information which is valuable 
and must be preserved for future use, but they have been 
published so late that they have been cheated out of their 
chief value, which centers in the present use that can be made 
of such information. They are like the reports of the Smith- 
sonian Institution, coming after the information which they 
convey has become old, and has been seen and used by the 
need of the times long before. The tortuous and time-taking 
"red tape" of the government is in this volume cut into frag- 
ments and a result is reached before the government fairly 
begins its task. "Belated statistics are ancient history, of 
little practical value in the active affairs of an industry, or as 
a guide for legislation affecting it." Private interests were 
therefore the first to feel this defect and the first to remedy it. 
The result is sufficient testimony to the need of such earlier 
publication, and a sufficient warrant for the U. S. Geological 
Survey to withdraw entirely from this field unless it be in 
t^rms ordered by law to continue. The decennial census would 
supplement this publication sufficiently, and would correct 
such errors as may be found incident to hasty work. 

The volume, however, is not made up of statistics. It is a 
first class treatise on economic geology. Its writers are ex- 
perts in the lines in which they have contributed information, 
and have treated fully of the ores, as to mode of occurrence, 
means of extraction, geographic distribution, metallurgical 
processes, values at the markets, exports and imports, uses, 
and total production. The various mining schools of the Uni- 
ted States are described and the value of geological surveys 
is indicated briefly. The work emanates from New York, 
that throbbing heart (»f the continent's ('ommerce. n. n. w. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



lUiistrationft of the Fnuna itf tht >7. John (/nmp, Xo. VI II. (i. F. 
Matthew. (Trans. \\o\ . Soc. CuiuMia. 18!>:{. .s»'c. i\ . pp. 85-1*^9. *i pluu-s.) 
The long jind hi;rlilN iiitcrt'Sliii': and successful r»*s*»arrht*s of Mr. Mat- 
thew into the fauna nf ilu* St. .I«>hn irroup arc in this paiMT bntujrht to 
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a formal close. 1 1 includes a survoy and summary of th«* work fr«)ni 
!he be^innin^ to the end, the fossils IxMng all named in tabular arran>?e- 
ment and referred to their stratij?raphic iK)sitions in the series. The 
strata that contain these fossils are composed of four main parts, viz: 

Feet, 
l^asal series (Ktcheminian) at Hanford brook, St. Martins. 1,200 

Division 1 (Acadian) at the Alms House, Simonds (ioO 

Division 2 (Johannian) at King's square, C'arlelcm 1,000 

Division Jl (Bretonian) at Straight shore, Portland 700 

Total thickness 3.550 

Of tliese the Etcheminian, which is below th<* St. John proper and 
separated frtjm it by some evidence of a plane of erosion, is perhaps the 
representative of the Olenellus horizon. From it, however, only a very 
sparse fauna has been obtained. The strictly primordial trilobites are 
confined to division 1, of the St. John group pro|x*r, in which bands r 
and d are characteristically a Paradoxid<'S horizon. No sjM'cies of Olen- 
ellus is listed. Division 2 is practically non-fossil iferous, having afforded 
only tracks, burrows and trails. Division 3, however, has in one of its 
bands near the top, a large number of graptolites which are thought Xi\ 
ally the beds of this division with the I^)wer Silurian (Ordovician) hor- 
izon (A mrkkan (iKOIaxust, .Ml, pp. IIKI, 340). With these are brachio- 
P<hIs and a number of trilobites, the latter being Agnostus bisectus, and 
A. trisectus, Parabolina spinulosa, heres, and grandis, Parabolinella 
|N)sthuma, Protopeltura acanthura var. tetracanthura. Peltura scarabe- 
oides, Cyclognathus rotundifrons, Leptoplastus latus and spinosus, 
Ctenopyge tlagillifera, acadica and pecten, Sph»»rophlhalmus alatus var. 
canadensis, and Conocephalites contiguus. and two unknown s(M*cies. It 
may be questioned whether tjjis fauna should not be kept within the 
rpIM'r Cambrian, as that term is used by most American geologists, 
rather than extending the term Ordovician or Lower Silurian down- 
ward so as t<i cover it. The term Ordovician was devised t<» cover thos<» 
beds which were in dispute between Sedgwick and Murchison, and they 
were the Bala and IJandeilo, the American Hudson Kiver and Trentun, 
and to these it would seem legitimate to confine the term. The above 
fauna is lower than the true Ordovician, and comes more nearly at the 
horizon of the St. Ooix, or Upper Cambrian. n. h. w. 

f^otttribututn Ut the Knotch'dffe of the Preglanal Drainage of Ohut. By W. 
(i. TioiiT. (Bulletin of the Scientific Laboratories of IVnison Univer- 
sity, vol. VIII, pp. 35-U2, with five plates, June, 181M.) In this article 
Prof. Tight has publishi*d the results of some of his observations on the 
y^lacial geology of the district near and around (tranville and Newark, 
Ohio. It would not be easy to find a more complicated s|K)t than the 
jrorge of the Licking river between Newark and Zanesville; and the au- 
thor's explanation of the history of the changes that have produced this 
gor^fe, or rather these gorges, seems natural and necessary. He traces 
ihrei* distinct and successive cliannels of th«' river consetpient on the 
conditions caust'd by tln' presence of the ic<*-sheei and of the morainic 
matter left on th«* surface when the ice retreated. The iM)nding back 
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of the water of the Miiskiii;>^um by the eastern edgt* uf the Scioto lobe of 
the continental jrlacier caused that river to desert what the author re- 
gards as its pre^lacial channel and to takr a new one alon/^r its present 
course. The deposit of hu^e moraines across the same prejrlacial chan- 
nel produced a lake coverinjr the site of the present Lickin<r res«'rvoir, 
which was ultimately drained by the cutting; down of its eastern bar- 
rier. The figures accompanying the pai)er will enable any glacialist l«i 
comprehend the author's reasoning, but only a visit to the si>ot can 
show its full force and significance. 

In the second part of the pajx'r the author ranges over a much wider 
field and attempts a reconstrucli<m of the preglacial hydrography of 
Ohio which is both novel and striking, but which, in spite of some 
strung points, geologists will be slow to adopt, at least in full and with- 
out modification. He traces the preglacial Mu.nkingum fnim its present 
channel at Dre.s<k*n south westward to Newark along a wide abandoned 
valley and then through Fairfield county int^) the Scioto basin. Thence 
he carries it to the west and northwest through Madison and Cham- 
INiign counties into the Wabash drainage system in Indiana. This view 
certainly affords an e.xplanation which no other has done of the very 
deep drift-filling along the line in question, and esiH»cially of the im- 
mense mass of drift at St. Paris, where it is more than 500 feel thick. 
But it compels the blotting out of the Ohio as a continuous channel, and 
renders neces.sary the adoption of the view that the present valley of 
that name is made up of parts of several preglacial valleys united by 
glacial and postglacial cross-cuts. This will scarcely commend itself to 
glacial geologists without very strong evidence. The task is t<M) vast 
for postglacial time. Possibly .some m<Kiification, however, may remove 
the difficulty and allow the abandonment of the Wabash channel at a 
earlier date and the establishment of an Ohio l)efore the (ilacial ]M'riod 
began. We should like to suggest to the author a consideration of some 
of the possibilities along this line. Change of level in the [MMteplain 
during Tertiary time may have been sufficient to produce such an effect, 
and of this some amount of evidence is aln*adv attainable. 

Professor Tight (piotes the fact that the valleys of the present Mus- 
kingum, the Scioto, and other streams of lh«' same region, narrow to the 
southward, in supiN)rt of hiso])inion that their ttow has been reversed. 
The argument is go<Kl. but would apply as well to that above suggested. 

K. w. ( . 

Chi ihr (trrurreucf of ti hirye areti 4tf Stpheliiif Sytuite in tht f(nrnM/iip of 
Dungannoii, Ontario. \\\ Fk.\nk I). Adams. (Anier. .lour. Sci.. :J. vol. 
XLVIII, pp. 10-Hl, .Inly, 1894.) The area described is in Hastings county, 
in the midst of LaurtMitian rocks, and this is the first <liscovery of neph- 
ellnesvenite in the Laurentian svstem of Canada. The esM'Utial con- 
stituents of this nK*k are nepheline. which often makes up almost the 
entire rcK'k. albite. and some little brown mica and hornblende. Ortho- 
cla.se, which is common in rocks of this class, is not found as an original 
mineral. A noticeable feature of the rock is the occurrence of scaiK)lit«' 
and calcite, t)oth rat}u*r common and having the apiM'arance of original 
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constituents. Th»M»ri^in t>f the calcile is difficult to determinf: it is 
not H decoin(x»sition prtxluct in the ordinary sens<», and it does not seem 
to fill microlitic cavities. In an acctimpanyin^ paper Dr. B. J. Harring- 
ton jrives analyses <»f some r»f the minerals of this nepheline syenite. 

u. «. «. 

Se4ujnf1 ExpeditupH to Mount St. ElinJi, in iSttl. By Israel Cook Rus- 
sell. Paji^es 91: plates iii-xxxL an<l six figures. (Advance extract 
from the Thirt«'enth Annual Rejiort of the U. S. (ieol. Survey, for 1891- 
*92: Washington. 1894.) The observations made by Prof. Russell, in 
his two ex()editions to Mount St. Elias, concerning the transportation 
and deposition of till by the Malaspina glacier or ice-sheet and the sup- 
f>Iy of large amounts of modified drift to the .streams of its melting by 
which they are deposited as eskers, kames, and extensive fiood-plains, 
have greatly stimulated the researches of American glacialists to de- 
termine the pro(M>rtions <»f the Pleistocene drift borne along respective- 
ly in the mass of the ice-sheet and b«'neath it, and how it acted to heap 
up the drumlins of New England, New York, Wisconsin. Ir^Hand, and 
Scotland, and to form the conspicuous esker ridges of Maine and Sweden 
and, in le.ss abundance, of all glaciated areas. The.se and similar ques- 
tions, relating to the genesis or methods of formation of the glacial and 
modified drift, at jiresent enlist the attention of workers in this field as 
never bt*fore: and for the advancement of knowledge in these directions 
Pn)fs. Chamberlin. Wright, and others, are now absent in exploration 
of the Ixirders of the (rreenland ice-sheet. By these studies of living 
glaciers analogous in all their phenomena with the Pleistocene conti- 
nental ice-sheets, we may hoix* to attain a much clearer conception of 
the history of the (tlacial |H*ri»Kl and the origin of its widely divers*^ and 
complex drift formations. 

A map of the Malaspina glacier and St. Elias mountains shows Prof. 
Russi'll's routes in 1890 and 1891. In the second ex|H'dii ion he ascend^nl 
to a hight of 14.500 feet on the northeastern sIojk' of St. Elias. and ex- 
plored the western central |>ortion and forest-covered front of the gla- 
cier, taking very interesting notes of the streams outfiowing from it, 
named the Yahls** river, Yahna, Fountain. Manby, Osar, Kame, Kwik. 
and Esker streams. The glacier or ic«*-sheet covers an area of about 
I.. 'MM) sfpiare miles, having an extent of some 70 miles from east to west 
along the coast, with a breadth of 20 to 2.*) miles, and u general eleva- 
tion of about 1,500 feet five or six miles fr(»m its outer border. At Icy 
raiM' its(iuyot lobe pushes b<»ldly forward into the <K*ean, and. with its 
fn»nl constantly breaking otf to form icebergs, terminates in magnifi- 
cent ice cliffs estimated U\ be at least 300 or 400 feet high. 

SiM'ii from a distance of several miles, the clitfs of Icy cajw apix^ar^d 
to contain no drift, though the surface of the ice there, as all along its 
iMinlers adj«>ining the sea, is drift-covered. The surface of the central 
parts of the ic»-sheet, however, is free from drift, excepting along mo- 
raiiiic lines streamiiij: downward from spurs and f«M»i-hillsof the moun- 
tains. Near its bonh-r the ablation of its surface seems to uncover 
much drift which ha<l been lx»rne al«mg in the middle anil basal iK)r- 
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tions of th<» ice-sheet. Therefore it may bt* found by closer inspection 
of Icy cape that much englacial drift, although t(K) small in relative 
amount to be observable from the east side of the Yahtse river, occurs 
within the ice-clitfs, such as has become exposed on the surface by pro- 
t^ressing ablation. In the vicinity of the Yahtse and of Icy cajx*, how- 
ever, the superficial moraine-s of the Chaix hills are mingled with the 
h*ss plentiful englacial drift, which latter seems to be the chief source 
of supply at the Silkagi bluffs and thence eastward tweiity-fiv<? miles 
t4) the Kame stream. , 

Pn)fessor Russell and his parties in both ex|)edilions braved many 
dangers <and well pi»rformed their tasks of geographic and geologic ex- 
ploration. The narrative and the discussion of .scientific results are 
presented in a most modest and entertaining manner. They mark a 
stage of great progress in our knowledge of the conditions (»f the Ice 
age. w. V. 

On Certain Anfronomical ConditionH favorable to (rlacuition. By Geo. F. 
Becker. Am. Jour, of Science, III, vol. xlviii, pp. 1)5-1 1:{, Aug. 1894. 
From a mathematical investigation of the effects of the unetpial 
amounts of solar heat received by different portions of the earth's sur- 
face under varying astronomical conditions, the author sums up his 
results, differing widely fn)m the well known views of the late Dr. ('roll, 
as follows: "I began this encpiiry without the remotest idea as to what 
conclusion would be reached. At the end <»f it 1 feel comi)elled to as- 
sert that the combination of h)w eccentricity and high obli(|uity will 
promote the accumulation of glacial ice in high latitudes more 
than any other set of circumstances pertaining to the earth's orbit. It 
seems to me that the glacial age may be due to these conditions in com- 
bination with a favorable di.spo.sition of land and water. This theory 
implies, or rather does not exclude, simultaneous glaciation in both 
hemispheres. It dtK»s not imply that the ice age should last only ten or 
twelve thousand years. If the conditions here suggested are correct, 
variations in the disposition <»f land and water may have determined 
intervals of glaciation, not necessarily the same ones in New England 
and the basin of the Mississippi; and there may have been considerable 
lime differences in the inception or the cessation of glaciation in various 
regions. It is not needful to assume that the glaciation of the Sierra 
Nevada either began or ended synchronously with the Ice age in New 
England. The date at which a minimum of eccentricity last coincided 
with a maximum of obliquity can almost certainly be determined. 
According to Stockwell, the obliquity has been diminishing for th»?past 
S,00() years, and was within 21 minutes of its maximum value at the 
b«*ginning of that time. According to Leverrier, the eccentricity passed 
through a minimum 40,(KK> years ago. tin* value being then al>4)Ul two- 
thirtls of the present one. So far as I know, the obliipiity has not h»'en 
computed beyond S,0(X). This can of course be don«* for Stockwell's 
value of the masses of the planets, or for newer or better onrs. All the 
indications seem to be that within liiirtv or fortv thousand vears eon- 
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ditions have occurred, and have |M*rsisted for a considerable number of 
thousand years, which would favor ^laciation on the theory of this 
paiwr." Dr. Becker's conclusion is thus closely harmonious with the 
present reviewer's estimates, as noted in the last May American (Ikol- 
0(»isT(i)age IMU): and it appears that lie reijards the causes of Ice accu- 
mulation to consist more in ^eo^raphic changes, as lantl elevation, than 
in the varyinjr astroni>mic conditions. w. i*. 



CORRESPONDENCE. 



A Reply TO "Cai'ses and Conditions of (Ji.aciation."* **The oc- 
currence of .... late Carboniferous and Permian i^laciation .... is 
inconsistent with Falsan'sf and Manson's views, which have no place for 
general ^laciation before the Pleistocene i)erio(h"t 

It i.s true that, in the interiiretations rendered in GeoUtgical and tstUtr 
C&'wm/^*, there is no place for general glaciation before the Pleistocene 
I)eriod: nor has it been proved that such general glaciation hasoccurred. 
Widely distributed glaciations during Paleozoic time have been shown, 
but the evidence adduced is such as to warrant the conclusion that such 
glaciations were local and not general. 

According to the principles and views set forth in the writer's work, 
local glaciation could have occurred at any time during the Paleozoic 
era, provided the conditions were favorable. That local favorable con- 
ditions could have /'xisted, is in no way inconsistent with the views 
therein advanced. Indeed, such local glaciation is corroborative of one 
of the prime id<"as of the argument, which Is, that prior to the Quater- 
nary era surface l«'m|M*ratures were indeiHMideiii of latitude, which in- 
deiMMidence is distinctly pr(»ved by the wide range of Paleozoic glacia- 
tions. Had the early local glaciations been defN'ndent u|N)n solar hf*at. 
they would have been g(»verned by the same laws of distribution as the 
glaciations of to-day; and had any general "fM-riod" of glaciation 
ticcurred. it wtiuld have been accompanied by arctic tNjH'sof fossil life, 
such as accompanied the general Quaternary glaciation. the distinguish- 
ing test between local and general glaciation being fossil marine llf** of 
a C(»ld temi>erale or arctic character. All the evidences of earlv glacia- 
tion yet discovered are mechanical, i. e., boulder lransiM)rlation. striie. 
etc.; and they occur in such varying latitudes as to distinctly prove that 
the climates were absolutely ind(*iM'ndent of latitude. Therefore the 
P«'rmian and Carboniferous glaciations corroborate th»' view set forth 
in (rfolo(/ival and Si*Oir Climnten, ilmt |)rior to the Quaternary era surface 
temperatures wen- indejMMident of latitude, being controlled by local 
conditions of elexalion an<l condiictivitv of the crust. 

Again, on page 17. tlu-rr occurs this objection: ".Another obstacle 

•.\MERUAN (iKOLOlJISr. July. 1^4. pp. I2-20. 

tit is unnecessary U> call attention to the ditiercnce between the \iews of Falsan and 
thuHe of the author. 

tLoc. cit.. pp. lb. I7« 
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lo Manflon's hviH>thesis* of h contiinioiis cloiul i»nveloiM» till after Iho 
Quateriiiiry ^laciatioii, consists in tin* extensive* deixisits of n)ck salt 
and gy{)Siini found in strata as old as the Silurian and Cambrian, niure 
(hMe bfdtt could ojUy btfortned hy eraporatuni of Inrimmn nhtit off from tne 
Mra, or of ttalinf Uikett, iindrr a drying atnntHpherf.^' (Italicistul by tb»* 
present writer.) 

The physics and chemistry of this <»bjection are defective. Kven 
niK)n the assumption that the vast beds of jfypsum. rock .salt, or other 
minerals deiH>sited fn»m aqueous soluticni, were solely the result of evap- 
oration, it d(M*s not follow that such de|N>sition was the result of an ab- 
solute, nor even partial, desiccation of the basin containin^the solution. 
The deposition of soluble salts ^oes on from .saturated solutions under 
any evafx)ration at all, and if the water tlowinjr into the basin had been 
already saturated at a hijfher tem|)erature, the de|M>sition of the salt 
would >ro on even with increasing depth of water in the basin, by the 
cooling effect of evai^oration. 

It is at least |)ossible that vast beds of gypsum were precipitated by 
(he commingling of solutions of a more highly s(»luble salt of lime with 
a solution of sulphuric acid or of an alkaline sulphate; in which case 
the precipitation of gypsum would go on indei>endent of evaiM>ration, 
and drainage entering the body of water fn>m ditferenl an'as might 
have supplied the .solution necessary to continue the precipitation for 
some time. In the sanie way other salts could be formed to such an ex- 
lent as to be pre.sent in greater quantities than would saturate the siilu- 
tion, and hence they would be precipitated or crystallized out. 

The precipitation of sulphate of lime would g(j on in the Pacific 
ocean to-day, provided there were discharged into its waters any .soluble 
salt of lime and an alkaline sulphate sufficient to charge its waters with 
more than about 1-400 of sulphate of lime. 

Many of the compounds of sulphur and chlorine with the non-metal- 
lic elements are volatile, and they may have been, and doiibtless were, 
present in the atmosphere during earlier ages to a greaterexlent than at 
present. In that case, such comp(»unds wouUI be washed out of the 
atmosphere by rams, and coming in contact with .solutions of the alka- 
line earths anil alkalies would f(»rni and precipitate or crystallize out 
the more stable salts now in existence. The formation of sulphate of 
lime, common salt. etc.. woidd then proct»ed from abundant rains rather 
than from a jwriod of dryness and excessiveevap«»ratioii: the le.ss soluble 
salts wtMild be |)recipitated as formed, and the more soluble ones would 
crystallize out from saturated solutions. It therefore does not follow 
that "these beds could only be formed b\ evaporation of lagiMUis shut off 
fn)m the sea, or of saline lakes, untler a drying atmosphere." 

Another argument, used more lo show that th<' let* ag<' was caused by 
the upheaval of lem|M'rate land areas than as an ohj«H'ti«»n tt» the criti- 

•The writer disclaims any attempt to advance an hyp.)tliei*is or assumption of any 
kind, but simply endeavors to make an interpretation of natural facts upon the basis of 
known and aamitted laws. He does not even assume that the clt»ud enveli>pe was re- 
moved, but that its removal was geologically and physically recorded. (/><»/, ami Soiar 
Liimatcs, pp. 3q and 49. 
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cizod intt»rpretations, is that the siibmorged channels off the mortUis of 
certain rivers are evidence that such submerged channels are the rf»- 
^ulls of erosion, and therefore that they marked periods of upheaval 
and depression of adjacent hinds. Whilst this may be true in some 
instances, it by no means follows for all. nor for the deei>er of these sub- 
merged channels.* Channel-building by bank elevation goes on as well 
under water as under air.f The sediments which these rivers have 
l)orne t« the ocean during their entire existence (and particularly during" 
the "Diluvial" and "Terrace" eiKJchs) must have been deix)sited more 
upt)n the Hanks of the outflowing fresh water than in the direct lines of 
swiftest flow. If any one will lake the pains to plat to natural scale the 
sections of many of these deeply submerged channels, he will find that 
the slof)es of the banks are not upon lines of erosion, but that they cor- 
resix>nd more nearly to lines of sedimentation. Besides, before a sub- 
merged channel shall be decided to be one of erosion, not only should 
the form of the channel corresjiond to proi)er lines, but the material of 
its banks should be determined, and th<' eroiled materials should be ac- 
counted for either in the extension of the bank lines or in the construc- 
tion of a bar at the enxled mouth. Therefore, the existence of a sub- 
merged channel is not always a projx^r and conclusive prot)f that the 
channel was formed by erosion and hence is evidence of great upheaval 
and depression of adjacent lands. Marsden Mansox. 

San Franri^ro, fat., Juli/ J4t/i, ISitj^. 

Lakk ('AvroA A U(K'K Uasin. Replying to Dr. Sp<Micer's ct»mments 
on my |)a|X'r which states the evidi'uce at hand pointing towartl the 
conclusion that lake Cayuga is a rock basin, I would say that my fail- 
ure to include the continental tilting of the land was <lue to the fact 
that it would not essentially mtnlify the argum(>nl, and that I have not 
considered the conclusions reached as definite* enough to be accepted. 
Some tilling has taken place, but much needs to be done befon* we can 
determine its amount in central New York. The problem is complex 
and requires a knowledge of the preglacial and the glacial attitude of 
the lantl. as well as the |M).stglacial changes. 

I do not deny that rock exists at a considerable depih near the outlet 
of lake Cayuga: indeed, 1 should be surprised if this were not the cas«\ 
I cannot, however, agree with Dr. S|Mjncer that this would force me 
from the use of the term rock basin to valley erosiori. Valley erosion 
by ice means rock basin formation. The ice ennles, according to my 
argument, in broad north and south valleys; and when one of thest* val- 
levs turns to the I'ast or the west, or when it joins an east and west main 
stream, the marked ice erosion ceases. If, for instance. Cayuga river 
Howed northward «n«l was tributary to an east and west Canadian 
stream, the ice erosion deepene«l the valley of Cayuga but failed to 
dee|MMi the east-west valley to a great degree: s<i that the north and south 

•The followiiiK argument has been coinniunicatetl lo the editor of J'/ie GiacitiJis/s* 
Magazine in a recent contribution by the writer. 

tSee Report of Chief of I-'.nRineers. I'. S. .\rmy, 1HH2. pp. 2571. 2^22. Appendix MM; or 
Kx. Doc. No. t^3. 46th Congress, 3d Session, pp. 7, h. 
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valh*y bt?cam« by valley eronum a rork basin. 1 should rxiK^ct. thorofopo, 
U) find valley erosion north of lake Cayuga as far as the broad pregla- 
cial valley extended northward. My conception of rock basin erosion 
is this, and not local concentration of energy to scix)p out a depression. 
Cornell UnirerHity, Ithaca, N. r., July JO, 1894. Ralph S. Tarr. 
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The Summer meetincj of the Geological Society of Amer- 
ica was held at Brooklyn, N. Y., August 14 and 16. The 
attendance numbered thirty-eight. Vice President N. S. Shaler 
presided, and on opening the session feelingly referred to the 
great loss to the Society sustained in recent death of its 
first Vice President, George H. Williams, of Baltimore, and of 
Amos Bowman, of Anacortes. The Council fixed upon Balti- 
more as the place for the winter meeting, Dec. 27, 28 and 29. 
Eleven new fellows were elected. The programme showed 
twenty-six papers to be read. The following abstracts have 
been furnished for the American Geologist: 

I'he Nickel Mint, at iMnca^iter Hap, Pa., and the Pyrrhotite Depoxit at 
Anthony' H Nme, on the Ifudwn. J. F. Kemp, New York city. Th<* imjw^r 
described with maps, sections, lantern views and siM'cimens. these two 
de|)osits of nickeliferous pyrrhotite. The former is on tlie contact be- 
Iween a ^reat intruded lens of some ori^rinal, basic, intrusive r«>ck that 
is now altered to a ma.ss of coarsely crystalline, ^reen h(»rnblende (i. e., 
is an amphibolite) and its walls of mica schist and p«*>(matite. The 
latter is a lens or |kk1, of the tyjH' familiar in the iron mines of the 
highlands of New York and New Jersey, and is in acidic gneiss of the 
comiMisition of ^{[ranite. The (piestion of origin was <liscus.sed with 
es|)ecial reference to ma|?matic separation, and with comparisons with 
nickel ores elsewhere in America and in Norwav. 

.1 Vonnectutn bettreen the Chemical and Optical PropertitM of Aniphibolrn. 
Alfkkd C. Lane, Houghton, Mich. Mr. Lane alluded to the frequent 
occurrence of zones of different colors and t»ptical profM^rties in uralitic 
and other amphiboles, the bluer ones probably containin<; more s<»da, 
and showed a diagrram which indicated that with the increase in .soda 
the birefraction on the orthopinacoid decreiised, becoming Tor about 
iS\% iA stKla and then incrt^asing. but with |)osition of the greater and 
le.ss axes reversed. He urged the ease and importance of making obser- 
vations on Ihi' orthopinacoid secti«)n on all those who have to investi- 
gate amphib4)lites. 

On a Basic Ritck derived from (iranite. V. H. Smyth. Jr., Clinton. N. 
Y. The pa|M'r describt*d a dark colored, massive rock associated with 
the hematite of the Old Sterling mine in Jetferson county, N. Y. The 
rock has always been called seriMMitine, but its origin has been uncer- 
tain. Kxaniination in the field and with the microsco|H* shows it to be 
ilerived from granite, but greatly alteri'd from its original condition. 
The character of the changes which the rock has undergone was briefly 
outlined: and it was suggested that the alteration is due to crushing of 
the riK-'k by regional tlisturbances, togeth«'r with the infiltration of solu- 
tions derived from decom|M)sed pyrites. 
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The proi'fftn of Sfgregatitm an illnHt rated in the Xeit Jersey Ilighlandn. 
Kalph S. Takk, ItliHca, X. Y. The various theories ofr«'red to account 
for the New Jersey iron ores were stated and objections pointed out. 
The process of sejrre^ation was then discussed and the banding of some 
of the New Jersey gneisses and limestones described. An instance of 
sejrregation was jjiven. where blue doh>mitic limestone has been altered 
to calcite with bands or impurities, sometimes crystallized, though orijtr- 
inally disseminated in minute grains through the dolomite. This pro- 
cess was studied in the slide and the resulting banding was in all res|>ects. 
except in size, likethe coarse banding of the while limestone. Th»* 
|x)S8ible applicatitm of this to gnei.ssic banding was then pointed out. 

Alunogen and Bauxite of Neic Mexico, irith not en on the geology of the Up- 
per GiUt regufn. \Vm. P. Blake. New Haven. Oonn. The deposits of 
alunogen and bauxite are found in the upp«»r Gila river region, about 
fortv miles from Hanover. At Hanover the rock formations are Paleo- 
zoic metamorphic limestones and syenites of greater age. characterized 
by large deposits of iron and zinc ores. Further north the country is 
covered with a thick de{M)sit of volcanic sediments and lavas, filling the 
ancient valleys. The alunogen occurs in these formations and exudes 
from the cliffs in places where there has apparently been solfataric ac- 
tion by which the rocks have been altered and left without much silica. 
This may have been removed by hot water and steam, but iron pyrites 
apfM*ars to have been an important factor in the changes and in the pro- 
duction of the alunogen. which is remarkably pure and free from in»n. 
Bauxite is the result of the alteration of the volcanic rock in place and 
is. like the French bauxite, a residual product and not dejiosiled from 
solutions. 

A Htndy of the ehertM of MiMMmri. By Kdmind Otis Hovey, New York 
city. The pa|M»r gave the results of work on some thirty -eight speci- 
mens of chert from various localities in the Lower Magnesian and 
I^>wer C*arboniferous strata of the state. The cherts from the former 
series art^ non-fossiliferous. whih; thosr from the latter are usually 
crowded with the remains of crinoids and other calcareous organisms. 
The cherts vary very much in color, texture and state of preservation. 
A |>etrographic discussion occupied a large part of the article. It was 
shown that the cherts were com|x»sed essentially of chalcedony, though 
quartz and opal are present in some stK»cimens, the latter to a very lim- 
ited extent in this series. The chalcedonv is usuallv in the form of a 
granular mosaic (in iM)larized light), but some of the material is aggrt»- 
gated into concentric spherules showing characteristic negative double 
refraction. Careful search for sixinge spicules was made, bul nothing 
whatever of the kind was found, with oneextremely doubtful exception. 
Five regular siliceous i>Olites were noted from the Lower Magnesian. A 
table of etghletMi chemical analyses acc(»mpanied flu* |m|)*»r, in which it 
was brought out that in cherts not bearing calcareous fossils 

The Si ()2 is usuallv > 1)8.(10^ 

AI2 <>3 + Fi'2<>3 is usuallv < L(H)^ 

Ca O -f Mg () is usually < /r)^ 

H2 <) (ign) is usually < .7.")% 

I)«*terminations on four of iIk* samples showed only comparativi'ly 
small |>erciMitages of Si O^ soluble in caustic |M»tash. This fact, tc»- 
gether with thi* small am<»unt of water present and th»* microscopic 
characters, shows that ver> lltth* opal or amori»hous silica <K*curs in 
th«'se clnTts. Tin* author gav** a brief resume of the th«'ories which 
have been pro|Miund('d to explain the origin of Hint. hornst<»iie and chert, 
and gave it as his opinion that th«* Missouri ch»*ris which In* studieil 
were due to chemical pn'cipilalion from tin* ocean at th»* time of the 
defMisilion of the strata in which lhe> occur. 
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POUyrnemic Man in New York. Will H. Shickzrk, Ypsilaiili, Mich. 
An account of the discovery in .luly, ISiKi, at CanandaiKiiH lake of a well 
pres^Tved skeleton of this ancient and interestinif t.vjyeof man; showing 
bt»sides the cranial development <»f low ortler, the compression of the 
femur, the flattening of the tibia and the i)erforation of the humerus. 
An explanation was attempted of the pres«?nce of these simian charac- 
ters In early man and their occasional occurrence, esi>ecially in negr(M»s, 
at the present day. 

Duthtratioiui in certain portions of the Atlantic CtMiMal Plain ntrata and 
their probable cau Men. Hy Artiii:k Hollkk, Staten Island, N. Y. Indi- 
cations of faulting, folding, and other forms of dislocation have l>een 
mentioned by several observers in the coastal plain region of the south- 
ern states, notably by McGee and Dall. In general, however, the obs<»r- 
vations {loint to a system of folding or dislocation in a north and south 
dirt;ctiou, as pr^^vious ex|R!rience in mountain-making principles would 
cause us to exi)ect for the region. 

Further north, ext^Miding from Nantucket and Martha's Vineyard 
through Block island, (tardiner*s island, Ix)ng Island, Staten island and 
northern New Jersey, there isanother line or areaof disturbance having 
a general east and west dirt*ction. It is with this that we have now to 
deal. — The facts In connection with it are so different from those with 
which we are familiar elsewhere in America, that but for the circum- 
stance of one |x>rlion having been utilized by N. S. Shaler as an exam- 
ple of mountain-making forces, it would not have received considera- 
tion by me in such connection. In his report on thegeoh>gy of Martha's 
Vineyard, Prof. Shaler argues for the hypothesi>s of mountain-making 
forces in order to account for the dislocations of the Crt»taceous and 
Tertiary strata there, and the same views were reiterated in pa|>ers read 
before the Geological Society. ()bservati<uis made on lAtug Island and 
Staten Island forced me to th<> ccmclusion that similar dislocations on 
these Islands were to be accounted for on the hypothesis of ice action 
above, and I subsequently came to the same conclusion for the Martha's 
Vineyard dislocations, thus following the opinions of both Merrill and 
rpham. 

Further investigations on I^ing Island and northern New .lerst*y have 
gn»ally strengthened the views previously expressed anti we are now in 
a (Misition to state, as beyond (piestion, that the line of disturbance is 
coincident with the line of the moraine from Nantucket to north»*rn 
New Jersey: that the phenomena of dislocation are only to be found 
where the moraine crossed some portion of the former coastal plain: and 
that thnse phenomena cease abruptly when* the moraine bends away 
from or finally leaves the plain. 

The phenomena are identical throughout. an<l any theory advanced 
t(» account for them in one |M)rtion of the area must also account for 
them in every other iM»rtion. One series of cause an<l effect has bnen 
instrumental throughoui, and it merely becomes a question as lo which 
s«»ries — ice action or mountain-making forces — is the most probable. 

The general ly|x» (»f a section through any part of the n*gion. in a 
north and south din*ction. shows a con' of contorted Cretaci'ous and 
fK)st -Cretaceous sands, gravels an<l clays. t1ank**d on the n(»rth and 
capiM*d on the top by bouldrr till, which gradually merges Into wat«*r- 
assorti'd material on th<' southern Hanks and plains beyond. 

The (lay Head escarpment is the most «*xtensiv«' section which isany- 
wlu'H* exi)Osed, but a similar structure is seen to t'xisl whenever then* is 
an exiKis«'d section thnnigh the moraine on Long Island, and if we could 
imagine that island separated into f)arts by means of convenit>nt north 
and s<juth erosion channels (Jav Head would be n'pnKluc<'d indefinil»*lv. 
On Staten Island thf moraine crosses a fMirtion of the coastal plain near 
the Narn)ws, ih«'n b»'nds northward and n*sts on tin* .\rchjean axis and 
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ajfiiin enhTs u]M>n the plain n few miles further west. In that pari near 
the Narrows uiK)n which the moraine rests the underlying strata an* 
folded and tilted exactly as they are on Lon^ Island and Martlia's Vine- 
yard. Up to this |K)int the evidences of disturbance are continuous. 
As s(K)n, however, as the line of the moraint* leaves the plain and bends 
around over the Archiean a.\is the indications of disturbance cease ab- 
solutely and they are not again met with until the moraine once more 
enters uikju the plain. 

The dip and strike of the disturbed strata are trenerally t(H> erratic to 
be of any stratigraphic value. The prevailin;LC strike, however, follows 
the j^eneral trend of the moraine and the strata are either bent into over- 
thrust folds, tilted with the dip towards the north, or folded into north 
and south anticlines. East and west dips are also to be seen, especially 
on the sides of the inlets and harb<»rs of the north shore of Long Island 
and on Gardiner's Island. These are probably due to the lateral thrust 
of tongues of ice in advance of the main mas.s. 

The effects pnxluced by the advancing ice front have been wonder- 
fully paralleled by a series of ex|H»riments on the compression of plastic 
strata recently made by Bailey Willis, the resultsof which are published 
in the 13th Ann. Kept. V. S. Ueol. Survey. 

One of the objections to the theory of mountain-making, which ap- 
pears to be the most serious, is that if the disturbance was preglacial it 
must have taken place subsequent to the time when the Lafayette or 
even later formations had been laid down, as we find these gravels in- 
cluded in the distorted strata. This would leave but a very short pc»- 
riod of time in which to develop the lineof hills upon which the moraine 
rests, and would imply a sudden disturbance rather than a gradual 
mountain-making process, and the facts at our command do not warrant 
the assumption that such conditions prevailed. 

Again, any such development of force would inevitably result in the 
disturbance of strata below as well as u|)on the surface, and this we do 
not f\tn[ to be the case. At Cold Spring the suix^rficial strata are beau- 
tifully crumpled and folded, but where the lower strata an* exjKised 
these are undisturbed. Finally, in this theory we should have to dis- 
miss as urjworthy of serious thought the coincidence of the disturbed 
strata with the line of the moraine and their absence elsewheri'. and t<» 
regard this as a coincidence only. [The i)ai)er was illustrated by charts 
and sketches.] 

FnultH uf thr rff/ion hettreiu the Mithatrk rirt'r and the Adirondtirk motnt- 
tainM. N. H. I).\UTON. Washington. I). ('. An account of structural re- 
lations and general stratigraphy of the L«)wer Paleozoics in the region 
exten<ling from the Mohawk valley to the southern edge of the Adiron- 
tlacks ami eastward to laki* (Jeorge. The series of faults are the most 
salient features !ind their relations. distril)Ution and extent were des- 
cribed. 

Htrieir of nur Knoirhdyt of thf (jtohujy of thr ('nlifitntia (\ntnt liangtM. 
\\\ II. W. F.\lUH.VNKs. Berkeley. California. The Coast ranges were 
def1n»*d geographically and pronounced a mountain system separate from 
the Klamath mountains and the Sierra Nevada. They are shown to be 
not a new range, but rathiT an old one. with an axis along which dislo- 
cation has taken place re|M»atedly from pre-Cri'taceous times until i)Ost- 
Tertiarv. Their stratigraphy was discussed in detail, and thev were 
shown to be made up of (1) a metamorj)hie pre-Cretaceous core, rang- 
ing in age probably from Carl)oniferous to latt* .lurassic: and (2) a later 
non-metamorphic si'ries, comjMJsed of CrelacetKis. Tertiary and |K>st- 
Tertiary rocks. The lithology and structure of thf Coast ranges were 
compared to those of the Sierra N<'Vada. 
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Tertiary and enrly Qnaternary HaHderdintj in Afinnfuoht, Afitnifoha. and 
KorthirrHtirnrd. Wakkkx Tpiiam. Somrrvill**, Mass. The jrreat north- 
wesU'rn plains liave an appniximatfly Hat surfac** which has b«M?n low- 
4»r«»d by Tertiary basoh*v*»linjf .VK) to 3.000 f«M«t brlow the original surfaci* 
of th<- Laramie and Montana strata as they were at the end of the Cre- 
taceous jn'riod. Measures of this general erosion are supplied by the 
Coteau des Prairies, the Turtle mountain, and numerous othiT iscllated 
hill and mountain areas u|H)n the country reaclnnjr thence west to the 
Rocky mountains. 

Near the end of the Tertiary era and in the early Quaternary, the 
eastern part «)f this vast baseleveled expanse was di*eply ennled and 
newly baseleveled, the resulting lower plain being the Hat area of the 
Red river vallev, averaffingSO miles in widtli, and of the wider Manitoba 
lake region, 'f he depth of this later immediately preglacial erosion was 
300 to 1,000 feet, as shown by the Pembina mountain and the Manitoba 
escarpment, which extends thi'nce northward along the west side of the 
great lakes of Manitoba U) the Saskatchewan river. The chief toiK>- 
graphic features of Minnesota and Manitoba have been produced by 
these cycles of baseleveling, esfiecially by the latter which was due to a 
great uplift of the region terminating in the (tlacial |x'ri(Kl. 

Departure of the lee-sheet from ttu LaHrentiau Ijikett. Waurex I'p- 
IIAM, Somerville, Mass. Beaches and deltas obsi»rved in the vicinity of 
Duluth are referred to (1) the Western Sufierior glacial lake, outHowiuir 
«outh westward across the divide between the lU)is Hrule and St. Croix 
rivers in northwestern Wisconsin; (2) the glacial lake Warren, outflow- 
ing southward by Chicago to the IVs Plaines. Illinois, and Mississippi 
rivers: and (3) the glacial lake AlgoiKpiin, outflowing by the St. Clair 
and Detroit rivers, and along the bed of lake Erie, to the incipient Ni- 
agara river and glacial lake Irtxpiois. The extent of high stages of lake 
Warren, shown by beaches around lake SujH^rior and eastward to lake 
Nipissing and to the east end of lake Krie, traced and map|>ed by Tay- 
lor, (filbert. Si>«'ncer and oth<'rs. implies that the ice-sheet had retreated 
from the northern border of the I'niled States as far eastward as to 
the angle of tlie drift Inmndary near Salamanca in southwestern New 
York, while yet the great lobe of this ice-sheet east of Salamanca re- 
mained u|H)n New York. ni>rtheastern Pennsylvania,* northern New 
.lenw'y, and New Kngland. This unex|M»cted view of the order of reces- 
sion of tht! ice-sheet Is foun<l explainable by the meiforologjc conditions 
<»f abundant snowfall at the east brought by storms saturated from tin* 
melting ice surface at the west. The paper also traced th»* history of 
the Niagara river, which is thought to alfonl a m«*asure of the Postgla- 
cial iM»ri(Kl as about 7, (MH) years, and called attention to the^wpansion of 
lake InNpiois northward and northeasl ward until its waning ice-barrier 
was finally melted away from the St. Lawrence valN*> near (Quebec. Ih»'n 
admitting the sea to the St. Lawrence. Chanipluin. and Ottawa valleys. 

The KxteuMton of UniformitarianiMin to Dfnrni'itinn. Hy W.I McCiKK. 
Washington. D. C. Many shores, like that of Holland, are subsiding at 
a considerable cate: yet no horizontal movement accompanies the sub- 
sidence. Manv coasts, like that of Scaiidinavia. areskirte<l bveh'vated 
beaches indicating rec«Mil emergence: yet there is nothing lo indicat«* 
and everything to disprtivf coincident lateral movement. Many dis- 
tricts, like that (»f tin* Lauretitian lakes, an* travrrsfd b\ ancient 
strands, proving not only v^Ttical m<»vemeni but di*cid«>d warping in tin- 
earth's crust: yi*l no n-cord of accompanying horizontal mov^meni 
is foun<l. Th»' coastal z«>nes «)f the continents are made up of .series of 
formations and unconformilies recording wich* vertical oscillation of thf 
lantl with res|M'Cl to the sea: y»'t little evidence of horizontal movemenl 
has b«*en detected. AI)out on»-fourth of thf land of the earth is moun- 
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tainous and Iho rocks an* deformed therein — this is the aberrent frac- 
tion of the earthcrust: about three-fourths of the land area is non-moun- 
tainous, the rocks not deformed — tJjis is the normal portion of the earth- 
crust; and throughout the normal continents, as throughout the coastal 
/x>nes, there is a succession of formations and unconformities recording 
profound vertical oscillation, with no concurrent horizontal movement 
save that of extension in normal faulting. So. excluding the mountain 
regions in which the rocks are crumpled, it may be affirmed that the 
prevailing movements of the earthcrust are ess<»ntially radial, only 
subordinately tangential. In the beginning of geology attention was 
confined to the rare and the remote* among phenomena, to the analogic 
only in reasoning; in that branch of geology dealing with particle 
movement attention has long Ixmhi given Uy the common and the near 
and the reasoning has risen to the plane of homologixing processes, and 
uniformitarianism has resulted; but in the geology of corporeal earth 
movement inference is still based on the abnormal, reasoning is still an- 
alogic; and thus the current philosophy remains on the borderland of 
science. A strong plea was made for study of .the known vertical move- 
ments of the earthcrust and for reasoning from the known to the un- 
known by direct homology. 

TVmm afid Jura of Sfumta f^mntf/, Cnlifornid. Hy Ja.mkw Pkrhix Smith, 
Stanford University. California. The columnar section of the metamor- 
phic series of the Klamath mountains was given; this is made upof strata 
from Devonian to Jurassic age. Thi' presence of Middle Trias was shown 
by fossils. This is overlain conformably by slati^s and limestones with 
a rich fauna of UpfM*r Triassic age, directly comparable to that of the 
%one of Tropetes HublntUatuH and Trarhi/Cfratt non of the Karnic in the 
Tyrolean Alps. This fauna is shown, by its affinities to Himalayan and 
Alpine species, to belong to a prolongation of the Mediti'rranean and 
Indian Triassic provinces, and not to the Arctic-Pacific province. The 
occurrence of Jurassic fossils was mentioned and new localities given. 
The widespn»ad Jura -Cretaceous unconformity in the Coast liange, thi» 
Klamath mountains, and the Sierra Nevada, was considen'd a proof that 
these three ranges belong to one great mountain system in which the 
disturbances were closely associated. 

KfMoration of Uhe AntiUetm continent . HyJ. W. Spenckr. There has been 
a general impression that the Antilles were at some time connected with 
one or both of the American continents, which extension some thought 
could not have obtJiined. This is the first study in which definite evi- 
dence of such connection has been prov»»d. and also the date of the con- 
nections. The investigation is the outgrowth of en(piiry into the 
changes of level which the continent has undergone, but now greatly 
advanced, both in detailed pr(N)fs and in the philosophical inductionn. 
The geomorphy of land valleys, both of mountain regions and acn>ss 
plains, is investigated with the conclusion that all the valleys with 
gradual descent and enlargement an* the pnKlucts of atmospheric ero- 
sion, where the same an* kept o|>en by drains. The land surfaces ar«» 
deformed by tern*strial undulations of unequal degree, but not such as 
to obliterate lln» drainage features; yet these e|MMrogenic movements 
may pnKiuce transverse barriers which turn the valleys into lake or sea 
basins, or which may be f»i rt her deformed by onigenic movements. The 
submarine shelves bounding the continent and iKirtions of the West In- 
dian shon'S were described, as also the fjords which traverse them for 
hundreds of miles in length, with depths of more than two mlh'S. con- 
tinuing to the margin of the continental plateaus and fioors of the An- 
tillf'an seas. These fjonls all connect with m<Klern or buried land val- 
leys, which are now silted up to from 200 to more than I>00 fe»*i. Th«* 
structures of the drowne<l valleys and those of tin* land valleys are in 
every resp«'cl identical, and the conclusion is that the continent was aH 
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much hivrht^r than now as is th»» nn'usiin* of !h»* jjrfaU'st depths of I ho 
siibmorjrrd cnnons, h»8s some consitlerHbU* correction for «'XH>r^erHteil 
coastal deformation, the maximum amount of which in manv cases can 
be determined. Accordingly the southern states an<i the West India 
islands f(»rmerly st«K)d from 8,0(H) to l*i,OOC) feet hij^her than now. with 
the floor of the jfidf of Mexico and the Caribbean s»*a low plains extend- 
ing and draining t<i the Pacific ocean. The first Antillean continent, 
deeply sculptured by erosion, <*xisted in the i*arlier and middle Plioceni* 
IK'riod, followed by a sul)sidence. so that the West Indies were reduced 
to a few small islets, and the sea encroached ujjon th«* continent to the 
extent of ^.W.OOO s<(uare miles. A^ain. there was anoth(>r continental 
bridge bi'twen the two Americas during; the first half of the Pleistocene 
])eri(Hl, after which lime the continent was lost, and marine Pleistocene 
formations w«'re accumulated, followed by terrace e|N>chs an<l several 
minor oscillations. The Pacific ocean was cut off from the Mediterra- 
nean waters for the last time in the Pleistocene r>eriod, when the Atlan- 
tic currents wi*re admitt<>d. 

The physical phenomena set forth in this lonj? paper were supported 
by the biological, both of land and of water, and a<?ain they r«*act so as 
to explain the distribution and extinction of life. The «jeoIo«rical bear- 
ings of this pajH'r are far reaching:. Not only do they show the mobility 
of the earth's crust so that (juiet but enormous chanj^es of l»*v«'l, rangin«; 
vertically thro»i>rh two miles and a half both ways, have taken place in 
recent times, but they may h*ad to the discovery of a real Atlantis. In 
the north they will have a bearing U|N>n the jriacial features, and involve 
fundamental conditions not vet consitlen-d. So. t<M», in the distribution 
of animal.s, we should find much lij^hl from the extension of th«* siudii-s 
already begun in this paper. 

Other papers presented before the Society at this meeting, 
several of them being read by title in th<» absence of the 
authors, are as follows: 

• 

Thr ilrumfinmti hith near C'ti/uf/a, A' )'. K.alpii S. Takh. A descrip- 
tion of s*»me of the parallel drift hills south of lake Ontario, with some 
inferences conceriMnir th«'ir origin. The evidence |K»ints toward origin 
by a process of glacial erosion acting u|M>n a preexist inir -sheet of till. 

Druuiliun in tht ririuity of (itnttui. A'. V. 1). F. Lincoln. 

f^uinnrO* on tlrHmUm*. ruutted by * ronton of f/furoil Mtrt-amit. (iKokok H. 
Harton. (This pajH'r, presente<l last winter before the Society by title 
only on account of lack of time at the last s«'.ssion. was read at this 
meeting. An abstract of it apix-ared in the Am. (iKoi.ooisT for last 
March.) 

Ccnozoir iiitttory *>/ it portion of tht iniiidh' Atlnntit- nlopr. N. H. I).\hton. 
l\f of thran^'roiii hannn'tar in f/ioltif/irat Mitrrft/inf/. Chaklks W. Uoi.fk. 
Oil and ihiM in Kannnx. KiiAsMf s Hawohtii. 
KridrHrrM an tit th*- rhanfft of Hfit-hrt-l. X. S. .Siialkh. 
T/tr (jfo/of/irat hijitori/ of MiMsonri. .\ktiiik Winslow. 
Thf Ma(fn*ni4in ntritt* of thr yortfnrtMttrn Stutm. ( '. \\. H ALL and F. 
W. Sahdkson. 

Thf Stntfif/niphi/ of f/it' St. Isooiit tind Worstftr formntionM in snuthenntrrn 

hum. ClIAKLKS 11. (lOHDON. 

Tfte IKrintt-f'tirhoniftronM mid IKroiinn rorkx of Knitmix. Chaulks S. 
Pm)ssKR. 

Tht Tritmnnd Jum of Shtuttn rnonfi/. f'lififorniu. .Ia.mks Pkkhin Smith. 
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The American Association fok the Advancement of Sci- 
ence, holding its meeting under the presidency of Dr. Daniel 
G. Brinton, in Brooklyn, N. Y., August 15th to the 22d, had an 
attendance of 477 members and associates; and 213 new mem- 
bers were elected. In Section E (Geology and Geography) 
the address of the vice president, Prof. Samuel Calvin, was on 
"The Niobrara Chalk," as presented in the foregoing pages. 
A list of the papers read before this section is as follows, with 
brief notes or abstracts which have been received for some of 
them. It is expected that several of the papers will be given 
in full in our future numbers. 

Water rettoiiree* of the United Statex. .1. W. Powell. Th«* ultimule 
dev«»l()pm«*nt of the vast arid and siibhumid rejL^ioiis in the western half 
of the United States was shown to de[)end on the thorough utilixatiun of 
the water resources for irrigation. A large part of the work of the 
United Slates Geological Survey, under the author's direction, has been 
given to investigations of the amount of available water supplies in these 
regions, and to the extent of their fluctuation, by which their value for 
agriculture is determined. 

The Xatitnial Doiimiu. F. H. Xewkll. 

Geogrttphirtil deretoput^'nt of China, Korea, and Japan, (iakdinkh G. 
HrBBAKi). 

A miniature extinct rolauw. W .J MdiKK. 

A Pal4'o2oir erupt unt in Afuouatri. Aktiiik Winslow. 

The Zinr minen at Franklin Furnaee and (fgdenMbury, X, J. .1. F. Kkmp. 
The history of thi' mines was first sketched, with notes of their chief 
ores and miiu'rals. The general geological (piestions involved in the re- 
gion followed, and the pn>hlems of I he blue and while limestones and of 
the intruded granites were consi<h'red. The ore b(Kli»*s were then de- 
scribed by means of maps and skelclu*s. The Ogdensburg one was 
shown !<) be a steeply pitching syncline: and the Franklin Furnace «in»*. 
a luw piichiiig syncline with a collapsed anticlin«* on the eastern limb. 
The ore UMlifs were not regarde<l as having evi*r bi'en continuous, but 
rather as »'ach a local tlejMisit along nearly the same geological hori/on. 
Th«* uni<pn* ireoIogicMl and min«'ralogicaI character of the <h*|K)sits was 
c<)mmenled nu, with references to somewhat similar <leiK)sitselsewh«*re. 
A list of the minerals of thest* localities, sixty-five in all, was written 
on the blackboard: a s«'ries of s|HH'imens, illustrative of th«* pa|M»r. was 
exhibited; and hints wen* iriven regMrding the proiMised excursion t<» 
these mint's. 

Soti'M on tht Affanfir }fionnf. W. H. Dall. An examination of the 
invertebrate fossils of the strata at (iay H«*ad. Martha's Vin«*yar<l, ht»rt»- 
tofon* regard»*d as Miocene, confirms their Miocene age and allows them 
to be referreil to thi* UpiHT ('hesa|H'ake formntitui. between tht* St. 
Mary's and Vorktown horizons. A list of the sp«'cies was included and 
two n«'W forms described. Anothf>r hori/on. unconfijrmable with Ixiih 
the Miocene below and the glacial tirift abov»*, afforded h f^'W molluscan 
remains which indicate a Pliocene age for this bed. 

The phosphatic rock of the .\shley river region, near Charleston. S. 
(\, is found to 1)4" of upjM'r Miocene age. It has pn'viously been called 
KiJcene or Pt»st pliocene. The phosphati/at ion max havi* been in Plio- 
cene times or the late Miocene. This rock contains no Kocene t\ |m».s: 
and it was shown that the Kocene aire of the associated Ashley river 
marl bed rests upon very unsatisfactciry evidence. It may als<» pn»ve to 

be Miocene. 
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A itetr fimnil LiritnleMlron from t fie fi^tramu' at WuUfnberg, Colo., and 
its ififfHiflniHrf. Artiil'r Hollick. This iii»w KiH*oi«»s of Linodeudnm 
WH8 fouiul while overhauling HquHiitity of material which was sent to 
the late Prof. .1. S. Newberrv bv Mr. K. ('. Hills. It was never described, 
but a manuscript name was attached which will 1k> retained when the 
description is prepawnl. The most striking featur»» is the winjt^-like a|>- 
I)enda^es to the fietiole of the leaf. Ap|>enda^es of a somewhat similar 
character are known in other genera, and we are indebted to Prof. L. 
F. Ward for having worked out their apparent significance in the case 
of PUitaniut{-Proc. V. S. Nat. Museum, vol. xi, 1888. pp. :MM2). The 
evolution of the genus Liriodrndron is also an exceedinjfly instructive 
study, which has Yw.vu ably presented by Newberrv (Bulletin Torr. Bot. 
('lub, vol, .\iv, 1887, pp. 1-7, with two plates). T^he new material en- 
ables us now to consider this genus in the same light as that in which 
Pifri^riMVA was considercHl. namely, that these appendages may represent 
basilar exfmnsions of the leaf blade which separate and Anally become 
men*ly stipular appendages at the base of the jietiole. (The pa()er was 
illustrated with drawings of fossil forms of LirifHtrjidr/m and PIntanuM, 
and with dried specimens of A. tulipifrra and /*. ocridfutafui.) 

The ayr of the Galena UinentoHe. N. H. WiNCHKLL, This pa{M'r was 
basiHl on extended paleontological studies carried on by the Minnesota 
survey recently, which show that the Ctalena limestone is es.sentially of 
the age of the Tr<»nton limestone, instead of Hudson River or Utica. It 
was accomiMinied by tables showing the relative prevalence of various 
fossils in the several parts of the Lower Silurian ct)ncerned. 

Tltr Carbtntiferout* tttrata of ShtiMta count//, California. .Iamks Pekrin 
Smith. The general structure of a iKirtion of the Klamath mountains 
was briefly discu.ssed and the systems of faults and folds indicated. The 
4»ldest strata of the region are of Devonian age, overlain by the Haird 
shales, which b«>long to the iiower CarlKUiiferou.s. The latter have a 
fauna analogous to that of the Kureka district of Nevada, and thus 
have many Devonian s|)ecies commingled with the Carboniferous. 
Faunally they are thought to be homotaxial with the Waverly. but 
SI ratigraphically they belong higher in the s<'ction. AlK>ve the Haird 
shales lie alniut 2.(lO() fe«'t i>r limestone with a ('arl>oniferous fauiui 
probably etpiivaleni to the Coal Measures. AI)ove the limestone are 
calcareous shales, with a fauna ecpiivalent to that of the Kobinson beds 
of Plumas county and thus probably of Permo-('arhonif«»rous age. 

The Uiter tjettloffiral rhanyen ill Cuba. .1. \V. Si»knckk. (S«M' the fore- 
going abstract of Dr. S|x»ncer*s paper before the (Geological S>ciety.) 

Quaternary tiinr dirigible in thrrt prriodi*, thf fMfayettt, tiUicial, and Hr- 
rrnt. Warrkn rpiiAM. The Quaternary era is thought to have in- 
cluded a long time of pregiacial uplift of the areas which became ice- 
covered, as indicated l)v the de|N)sition and erosion i)f the Lafavette 
formation. The Lafayette |M'riod was followed, at the time of culmi- 
nation of its continental elevation, by the Ice age or Itlacinl |M>ri<Hl. 
whose geologically short clirsing stage, induced by the sinking of tin* 
ice-loaded lands somewhat below their present level, has been named 
the Champlain e|HK*h. The ensuing Recent |M*ri(Ml, extending to the 
present day. is learned by numerous inde|H'ndent means of estimate to 
have comprised some U.(KK) to H).00(» years: and the ratio of the <lura- 
tion of the three Quaternary |H'ri<Mls is estimated (o b«' appn>ximately 
as l()::i:l. giving for this entire era pn>bal>ly about 1(K).0(K) years. 

Thi t'tpluinbia formation in northirrxtiru UUnoin. (>s<-aI{ H. Hkrsiikv. 
The Florence gravi'l. Valley 1(n*ss, and I'pland loess, successively dejMis- 
ited in the vallex and drainage basin of the Pecatonica river, are shown 
to Iv e(|uivalenl with the Columbia formation of the lower Mississippi 
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vjtllt'v. TIh* Ioi'ss whs (l«'|)i>sittMl iipparently lon^ aflcr tlu'earlit'sl slnM*t 
of th<' ^IhcmhI drift, but it is l^jrclnrrd faslward by a lat^T tirifl sheft 
with wliich it s«M»ms lo liav»» bt'«»n cMnilt^mporaiH'ous. Th<* Cohimbia 
and Um'ss deposits tht'H'fon^ ar«' thoiijriit. lo n»f)n*st'nt a som»*whal latt* 
s\H\iv of th«» (rlacial iH*riod. 

Prof/rr^M in thi- yeolinjirtd nnrrey of the final hihx. .1. W. SPKN<"KK. 
Th<' ;rn'at lakes tributary to the St. Lawrence river are ascribed l4) dif- 
ferential movements of subsidence and elevation duriiijtf the Pleislc>c»*ne> 
IH»ri<Ml. whi*reby portions of pre^laciail river valleys have been trans- 
formed into lake basins. Previous to that jieriod the upjM'r Ohio. lh«* 
Allejjheny, and other riversof northwestern Pennsylvania. HoM'»'d north- 
ward to what is now the bed of lake F]rie; from the southern part of th»» 
area of lake Michigan a river Howed east across the lower [M*ninsula of 
Michigan lo lake Huron: an<i drainage fri)m the Cieor;;ian bay area 
passed I'astwartl to lake Ontario, whosr !>iui was a part of the up]M'r 
course of the prejjlacial St. Lawn-nce. 

Duration of Xiagara falU . .1. W. Spknckr. Ihirlnjr the earlier and 
lonjrer part of the history of the Nia^fara riv»»r. It is thought to have re- 
ceived only the outHow of the Kri»' basin, the threi' upper lakes mean- 
while outflowin^i: by the way of lake Xipissin^ »ud the Ottawa river. 
Computations from the chan^in^ conditions of the I^urentian lakes in- 
ciicate abi>ut ^{2,()0() years as the time which has lM*en occupitul in th«' 
I'rosion f>f the •jorjre l)elow tin* falls. 

I>rainagt </f fhf tinat bikts i/ifo thf MiMHinHippi rinr //y tnii/ if f'/tintgo. 
.1. \V. Sl»KNrKH. 

On Mtandat'ff xiztHftr trat/M. (iratrefi*, an<t c4inej*for mintniho/ifal and mi- 
i-ronropirat nittimtM. W. (i. Lkvison and I). S. Maktin. 

.1 prrhiMtitrii' rtlir, tn'th extrartH front a xurretf of landn in ^fonnn and 
(fntiino I'ounfiiM. .V. )'., irhirft tren' under the aneirnt Uike nf (fntario. i\ 
H. .Iknxkk. 

Ki'hibitimi of o niieroitropr made of ahtniinani for portabilitj/, and nutdi- 
Jied in eonntnirtuat to adapt it for ne^irehing orer the xurfaet for targe ntin- 
eral Mperinieny. W WA.MVAt. LkVISON. 

Erhitdtion of map and photograph of a petit fjed in l^tn<pert Parf,\ Brook- 
tyn, y. v., matte in ISiu, trhen the petit trtiM remored and the urartifittn 
jitltd. W'Ahi.Ai K (J. Lkvison. 

The gttdogietd iitltiH fitlioH iMHHed //// the V, S. (reofogieaf Surreg. F. II. 

Nkwki.l. 

77/r minertdn of Ptifer)*on, Upper }fontrltiir, tmd the l^iliMHtleM^ \. ,/. 
.h>sKi'ii II. Hint. An int«'n*stin^' collection of th»^e min«^rals was ♦•x- 
hibited by the local committer. 

(fn the age tf the St. Clair limentone of Arkanxtm. S. H. Williams. 

The repttrt tat pnHjrtM in (ieologg from the (Jentennitil to the CohnnbitiN 
expoxititatM. ,Iki). IIotciikiss. 

Oil and (itix in Ktinxtn*. Kkasmis Hawohth. 

Stnne altertition phatttM in the gnutilir roekt* if the Xorthiretitern SttittJ*. ( \ 
W. Hall. 

San Franciscc) was chosen as the place of meeting of the 
A8Koeiation next year, for which Prof. Edward W. Morle^', of 
('leveland, Ohio, was elected president. The oflh'ers of Sec- 
tion E, elected for that meeting, are Maj. JecL llotchkiss, of 
Staunton, Va., vice president, and Prof. J. Perrin Smith, of 
Palo Alto, (al., secretary. 
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NANNO, A NEW CEPHALOPODAN TYPE.* 

By J. M. Clarke. Albany. N. V. 
(Plate VI.) 

The material representing this remarkable type of eephah)- 
pod structure was collected by Messrs. E. O. Ulrich, Charles 
Schuchert, and the late W. 11. Scofield from various localities 
in the Trenton series of Minnesota. The novel character of 
the fossils was recognized and closely studied by the first two 
of these gentlemen. When, therefore, the specimens were 
placed in my hands for description I was able to avail myself 
of these previous observations, especially' th(»se by Mr. Schu- 
chert. 

The usual aspect assumed by these bodies is somewhat that 
of a small Belemnltes. The apical and posterior portion has 
a rounded and evenly tapering surface which would give it 
the form of a true cone, were not one side, when the body is 
viewed laterally, quite oblique, while the other is nearly verti- 
cal. Thus viewed the shells are asymmetrical laterally, but 
as seen from the dorsal and ventral side they^ are bisymmetri- 
cal. After the conical expansion has continued for about, or 
less than, one-half the length of the body, there is a rather ab- 
rupt contraction on the obli(|ue side and the shell becomes 

♦Published with tin* cuiiseiit of the SlHt«* (ii*olo>rist of Minix'sota. 
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much smaller and more circular in cross-section. Thus toward 
the upper extremity of the shell a cylindrical tube is formed. 
Up6n comparing the bodies as thus described with the single 
specimen which represents more nearly the structure of the 
entire shell, it appears that the orientation above assumed is 
not strictly correct. The normal position of the conical pos- 
terior portion is such that the straight and the oblique side 
converge at nearly the same angle to the vertical axis ; this di- 
verts the cylindrical or upper portion of the body to one side. 

These peculiar bodies are siphones;those represented on plate 
VI, figs. 2 and 3, show the oblique impressions left by the septa 
upon the surface of the cylindrical portion, and fig. 1 affords a 
conception of the relation ^>f these siphones to the septate part 
of the shell. In the latter is seen the central and symmetrical 
position of the apical cone with reference to the entire shell, 
its abrupt contraction and the deflection of the cylindrical 
part of the sipho to one side. At the point where the con- 
traction of the sipho begins, its diameter is that of the shell, 
and from the apex to this point there is no trace of septa. 
With the appearance of the septa begins the contraction of 
the sipho. That the septa did not completely encircle the 
sipho is shown by several of the specimens which present a 
smooth surface on the dorsal or outer side, the marks of the 
septa being there interrupted (figs. 2, 3). One of the speci- 
mens has the thin wall of the conch adhering to the siphonal 
wall along this surface. 

Upon examination of the internal structure of these siphones 
they are found to be completely solid in the apical portion for 
usually about one-half the length of the pneseptal cone, but in 
some examples this solidification extends for the entire length 
of the cone and into the cylindrical part of the tube. The 
cavity of the sipho above this filling is a narrowly conical 
chamber whose walls gradually become thinner from the apex 
upward, their upper edge appearing to be rounded off and fin- 
ished. 

The substance of the siphonal cone and walls is invaria- 
bly very compact, radially crystalline calcite, indicating, inan- 
much as all the specimens have been found in calcareous 
shales and claye}' limestones, a simple modification of the 
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original organic deposit; the internal cavity is filled with the 
mud of the sediment. Cross-sections of the cone in both direc- 
tions indicate that this is not a simple body, but is composed 
of at least two invaginated and consolidated sheaths, the line 
between which is represented only by a faint streak or differ- 
ence in the texture. This evidence, though obscure, is indis- 
putable that the sipho enclosed or was composed of siphonal 
sheaths, as in Piloceras^' VayinocernH and Endocerait, The 
sections afford no evidence of an endosiphon or tube connect- 
ing the apices of these sheaths. 

The addition of the septate portion of the shell gives the spe- 
cies a fusiform and symmetrical appearance, broadest below 
the aperture, the sipho seeming to extend nearly, if not quite, 
the entire length of the shell. The septa are gently and reg- 
ularly concave over most of their surface, but abruptly de- 
flected immediately about the sipho. There were apparently 
about twelve in the length of the shell as preserved. The first 
septum seems not to conform to the contract-ed surface of the 
cone, which has a much greater obliquity, and there thus ap- 
pears to be an irregular wedge-shaped cavity between these 
two surfaces, but there is no evidence whatsoever that the 
conical end of the sipho was in any way involved in this cav- 
ity except at its upper surface. 

The apical solid cone was unquestionably external, except 
so far as ensheathed by a mere coating or film of the shell- 
tube. 

All the specimens indicate that these shells were of small 
size; a nearly complete sipho has a length of 86 mm.; its 
greatest width is at 19 mm. from the apex and measures 10 
mm. in major, and 8.5 mm. in minor axis; its apertural diam- 
eters are 8 and 6 mm. Another and more splendid specimen 
measures 40 mm. in length and is broken at the aperture. 
Here the length of the apical cone is 22 mm. The most com- 
plete example has a length of 58 mm.; the apical cone meas- 
ures 15 mm.; the entire diameter of the shell is 18 mm. at its 
widest part and 16 mm. at or near the aperture. 

The shells thus described represent but one species, which it 
is proposed to term Xatnio aulema. From their structure it 
is evident that their relations are closest t^) Piloceras, but 
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with noteworthy ditferencee. The initial parts of the shell of 
Piloceras are still undescribed, but we may assume that were 
it possessed of such a solid apical sipho as is Xanno^ that 
would be the part most readily preserved, iis in this case. 
The sheathing of the sipho, its great size and its relation to 
the septa are structural points allying these two genera. The 
presence of the apical siphonal cone may indicate the exist- 
ence of Xunvo for a considerable "period in the young state 
simply us an aseptute body, and with such evidence the genus 
would seem to be a degree more elemental than our present 
knowledge ascribes to PUoceras^ inasmuch as the septate con- 
dition in the latter genus is of earlier occurretice. It may be 
suggested that the solidification of the prieseptal cone is to 
some extent due to such secondary causes as have produced 
the solid guard in Belemnites. The appearance of these 
siphones and the crystalline structure of their substance 
strongly suggests that genus, even though there is little super- 
ficial similarity in the relations of these parts to the sep- 
tate portions of the shell in the two genera. 

Geological horizon. The material studied consists of seven 
specimens obtained from the Trenton shales of Minneapolis 
and from the Galena shales at ( 'hatfield, Minnesota. 

Explanation of Platk VI. 
Nan no auleiiuM. 
Fh;. 1- Thi' mtisl complrii* ('XHmpIc obsiTv«'(I: sliowiiijj iJji' form of 
thf «Mitir«' sh<*ll. th«* apic;il cone, |N>Kitioii of sipho and sonn' of th«* K4*ptM. 

X !.:{. 

Fig. *i. Tin* prjpsfplal coiio with a iM>riion of lh«* aiiniiiatcd siphonal 
tube: a lateral vi«*\v. X l.^i. 

Fi«j. H. A fragni»*iit of a sipho. showin^^ only Ihf fylincirical |K»rtion 
to which a part of lh«* sm<M)th ••xternal shell acihcri'S. X \^^• 

Fit*. 4. A cross-section of the apical cone: showing at o the filling of 
the internal cavity, at b the line of subdivision of the sipho into siphonal 
sheaths. The radial sinicture of the substance of tin* Ixnly is also indi- 
cated. X 2.0. 

Fh;. .*). Lateral vi«'w of a sipho as usually found, with sm«K>th con*» 
and cylinder. X I. 'J. 

Ficjs. i\ and 7. Ventral (atiti-siphonal) and dorsal (siphonal) HS|n»ctsof 
the same specimen. 

l*^i<;. S. A vertical lon^iiuilinal section of a sipho, showing at 'i ihf 
form of the inliTiial ca\it\. ami at h the Iin«' of division betw**«»n the 
sheaths. X 1.^5. 



Baseleveling and Organic Kcolutlon, — Woodworth. 209 

THE RELATION BETWEEN BASELEVELING AND 

ORGANIC EVOLUTION* 

By. J. B. Woodworth, Cambridge, Mass. 

CONTKNTS. 

Page. 
Introduction 209 

Synopsis 210 

Fart I. Historical Sketch 210 

Views of the British School 211 

V'iews of the American School 218 

Part II. General Effect of River Changes on Fluvial Faunas 214 

Through headwater diversion 21S 

Through antecedent streams 215 

Through allTiviation ^ 216 

Through slight submergence 218 

Through elevation and revival of streams 218 

Effect of baseleveling of a mountainous region 217 

Fading away of divides 218 

Degradation of uplands 219 

Spread of lowland conditions 220 

The peneplain an open field for land life 220 

Uplift and dissection of the peneplain 221 

Part III. The Jura-Cretaceous Peneplain 221 

Non-marine beds rest on the peneplain on the Atlantic coast 222 

Post-Cretaceous history of the peneplain 223 

The coast shelf tBe correlative of the peneplain 223 

The life inhabiting the peneplain 224 

F'reshwater mollusca 224 

Fishes and amphibians 225 

Reptiles correlated in development^ith the growth of the peneplain 226 

Objections arising from extent of peneplain 226 

Objections arising from distribution of reptiles 228 

Mammalia unfavorably affected by the peneplain and reptiles 228 

Dinosaurs and peneplain disappear at close of Mesozoic 229 

The Mesozoic flora exhibits marked changes 281 

Recapitulation 232 

Extension of the inquiry to other cycles of denudation 233 

Comparison of baseleveling with glaciation and submergence 234 

Introduction. 
The considerations liere presented have grown out of the 

studies of river histor}^ and denudation which form the newly- 
developed branch of geology known as geomorphy, geomor- 
phology, or simply physical geography. It is one of the ten- 
ets of this school of geologists that certain plains of denuda- 
tion now traceable over wide areas have resulted from 
subaerial erosion. Not a few geologists, however, still main- 
tain the view of marine erosion which Ramsay was the first 
to advocate regarding these ancient, tilted and now generall}'' 

*An address read before the Harvard Natural History Society at its 
April meeliii*:^, 1894. The paper in its present form has been partly re- 
written, but it still retains a strain of the lecture style in which it was 
conceived. It is published with the view of promotin*!: incjuiry into tliis 
subject, with which it deals in a |)reliminary and necessarily superfi- 
cial manner. 
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deeply dissected plains. The contrast between the old and 
the new views when carried to their consequences in the or- 
ganic realm is so striking that it is thought the following 
discussion will be acceptable both to those who do and to 
those who do not grant the competency or opportunity of me- 
teoric denudation to account for these haseleveled areas or 

peneplaitLs, 

Synopsis. 
The object of the paper is to discuss the effect, on organ- 
isms, of the changes in physical geography which arise in the 
process of baseleveling. Part I presents a cursory review of 
the history of opinion regarding land erosion, including the 
speculations of some ancient writers. Part II deals with the 
general effects of river changes on organisms, and aims to set 
forth the manner in which these changes have influenced the 
dispersion of freshwater species. Part III has to do with the 
Jura-Cretaceous peneplain of North America in particular, 
with the determination of the time of development of the 
peneplain, and with the development of the fauna and flora 
of the Mesozoic era which lived upon its surface. It is in- 
ferred that the production of this* lowland was favorable to 
the reptilian class, and that it was a factor in securing to 
them the dominance which the}' enjo3'ed even after the mam- 
malia had made their appearance. In conclusion, haseleveled 
lands or peneplains and the periods of their elaboration are 
compared with glacial epochs and marine invasion in their 
effect as the environment of organic life. 

PART I. HISTORICAL SKKTCll. 
In reviewing the rapid strides which the new school of to- 
pographic geologists have made in interpreting the history r)f 
erosion alone, we are in danger of overlooking the fact that 
the idea of a land reduced to an essential plain by erosion is 
far older than anything like a demonstration of the existence 
of a surface of this nature. In a work entitled, *'The Scrip- 
ture Theory of the Earth,"* published in London in 1773, the 
anonymous author, after instancing numerous cases of the fall 
of mountains, erosion by snowslides, ice, rains and rivers, pre- 
sents the following conclusion : 

*Tht» full tiil«* r»*acls: "Tin* Scriplun' Theory of tin- Kurlh thri>ii^hoiit 
all its nnoliitioiis hikI all |j<»ri<Kls of its <*xist('nco, from llu' Cn'Rtion to 
thi* filial RHnovalioi) of all thiiijrs." Sim* pp. SO-ViJ. 
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VfKMa these observations we are led to conclude that it is possible, if 
not probable, that, in a coiir9«' of a^^es, the mountains and vallies may 
be brought nearer U) an equality with each other; there being, from the 
co-operation of so many causes, a t^endency in nature t4)thisend, without 
anything? to oppose or counteract it. The only objection that occurs to 
me is that, in this case, it may be thought the earth would be in dan- 
>fer of beinjf overflown by t-he s«*a: And the |N)Ssibility of this conse- 
quence hath been alled^ed. But there is no such dead level of the earth 
supfjosed. that there would not be imminences and inequalities enough 
left to keep out the return of the sea. 

In this quotation we find the essential features of two char- 
acteristics of the Jura-Creta'ceous peneplain as it occurs in 
North America, — the nearly level surface of the time, and the 
eminences or monadnocks which had resisted with partial suc- 
cess the denuding forces. Thigsame writer continued his dis- 
quisition upon this subject, "supplying as little as possible 
from reason, or hypothesis,"* in the fashion of the Mosaic 
writers of his time, tracing to Plutarchf the records of a tra- 
dition, "that the time would come, decreed by^ fate, when the 
earth would be reduced to an even plain, and mankind should 
all live under one happy [)oiicy, and be all of one language." 
The poet Prior, quoted b}^ the same writer,^ conceived of the 
leveling of lands and building up of the correlated plain, 
when he says : 

Disparti'd strfams shall from Ihrir chuniirls lly: 
And dei'p sureharg'd by sandy mountains \'u\ 
Obscuri'ly sMpiilchn'd. By eatiiij; rain, 
.\nd furious winds, down tu the distant plain. 
Th«« hill that hid«'s his lu*ad abovt' th«* skifs. 
Shall fall. The plain by slow degr»M's shall risi* 
Higln'r than erst had stood th»» summit-hill: 
For tim«' must nature's gn'at Ivln'sls fulttll. . 

Views of the Britiah School. 
The first recognition of baseleveled lands is due to the work 
of Sir A. C Ranisav in Wales, and it was there he formulated 
the conception of their origin by marine erosion. In his ter- 
minology, they are "plains of marine denudation," marking 
great unconformities in the older strata, or giving rise to the 
even-topped hills of the existing surface. Surrounded on all 
sides by the tidal waters of an active sea, in a region where the 

*Ibid. Introduction, p. 12. 

fin Iside. 

J Prior's Solomon, liook I. 
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existing rivers are relatively insignificant or impoverished ex- 
amples of their kind, the British geologists early found in 
their environment an easily comprehended incentive to aseribe 
the shape of the land to the action of the sea. Although this 
inference was a consequence of the insular position of the 
British school, we find among its founders, in Hutton and 
Play fair, a keener sense of the efficiency of rivers than ap- 
pears to have been enjoyed by our later great teacher, Lyell. 

It may be permissible in this connection to present the re- 
markable diversity of forms claimed for this agency by Jukes, 
who stands as an extremist of this school. Jukes^s views, it 
must be said, accord pardonably with his opportunities for 
geological observation, since his lot was cast first in Ireland 
and then in Newfoundland, two insular fields ill calculated to 
inculcate those comprehensive ideas regarding the interaction 
of existing and now locally inoperative causes which it is the 
privilege of the wider ranging continental geologist to recog- 
nize, with the assignment of its due importance to each in the 
economy of geological work. It was partly owing to this cir- 
cumstance and partly perhaps to the influence of the thought 
of his contemporaries, that Jukes wrote as he did: 

But wluMi \v*' f<M*l oupsflvfs ciititleci lo tHki» for jfrantiMl llml all cliffs 
at the fiM)t of which the Sfa is now lx>utin^ have been prtMhiced by the 
erosive action of the waves, it only requires us to admit that the land 
mav have sI<km1 formerlv at lower levels, so as to allow the sea to flow 
over the lower parts of it, for us lo seethe probability that all inland 
cliffs, crajrs. precipices, valleys and mountain passes, may have been 
produced in the same way And s|M'akin>r jrenerally, the prin- 
cipal features in the forms of the ^^round in all lands have been prt»- 
duced by this widespread action.* 

The same author states dogmatically^ as late as 1862 : 
"Rivers form their own beds, but not their own valleys."f 
These quotations are directly opposed to the views of to-day, 
as they are to the earlier and clearer understanding of the 
competency of rivers shown in Playfair8**Illiistrations of the 
Huttonian Theory." The studies of continental geologists 
within the past tw(»or three decades have done imich to revise 
opinion upon this subject. Indeed, the work of reconstruct- 
ing the marine theory of baseleveled lands was begun by Ram- 

♦T. H. ,Tukes. The Student's Manual of (leolo^v. second ed., luiio- 
bur^h, mvi. p. 101. 
fOp. cit., p. 10.'». 
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8IIJ himself, in his contribution to our knowledge of the work 
of meteoric agents in England. This awakening of the En- 
glish school in regard to the. work of rivers has gone on until 
now the reduction of lands to baselevel by meteoric agents is 
almost admitted.* 

Vi(^W8 of the American School, 

Powell, Gilbert, Davis, McGee, and others, have established 
much in the history of the larger rivers of America. As a 
result of these studies, it is held that rivers and their valleys 
pass through a cycle of existence, ranging from youth in a 
country newly elevated above the sea as a plain or mountain 
belt, through adolescence, maturity, and so on into old age, 
when, if the land remain tolerably stable, the country will be 
flattened down into a plain of suba^rial erosion, or r peneplain. 
Renovation of the land by uplift, and the consequent revival 
of stream work, will introduce a new cycle. From the point 
of view of organic life, which it is proposed to exploit in this 
paper, the complete cycle may be assumed to begin and to end 
in uplands of sufficient relief to be characterized as a mountain- 
ous habitat, although the first topography may be construc- 
tional and the last wholly subsequent and polygenetic, the 
peneplain occupying the middle and culminating part in this 
series of progressive geographical changes. 

It has been shown by these river studies that in the reduc- 
tion of a region, either partially or completely, to baselevel, 
mutual adjustments of streams take place, whereby consider- 
able changes in course and direction are brought about. 
Systems are dismembered, the headwati*rs of one being cap- 
tured and diverted into another through the shifting of 
divides. By changes in level, some streams have been reversed. 
In some cases, an axis of uplift has developed across the path 
of a master river, but the uplift has gone forward so slowly 
and regularl}" that the stream has been able to maintain its 
course across the completed mountain chain. In other instances, 
changes in the relations of streams have arisen from the pro- 
cess of alluviation in the lower course of a river. It remains 
now to treat of the bearing of these streams on the dispersion 

♦CoiisultSir Arch. (i»*ikit-'s 1Vxt-I^M)k of (irolo^'v. third «hI., 189:{, pp. 
-Mm-470: The SciMH'rv <»f ScollHrul. st'coiui cd. Also mm' H. M. W<hkI- 
Mranl's (i<M»lo^y t)f KiikIhihI and Wnh's, firs! fd., 187<). ch. xni. 
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of freshwater moUusks and fishes, these groups being taken 
for the reason that thej record the clearest dependence on 
river history in their distribution. 

PART II. THK GENERAL EFFECT OF RIVER CHAN<;ES ()X 

FLIVIAL FAIXAS. 

It has been shown that fishes and mollusks are dispersed by 
a number of means, some of which, unless actually obser%'ed, 
offer to the investigator no evidence whereby tht^y may be 
detected in after times. On the contrary, river changes, the 
topographic effects of which are still retained ii\ the features 
of a country, afford, when studied in connection with the dis- 
tribution of its fishes and mollusks, a set of phenomena which 
it seems likely will at least in some instances prove instruct- 
ive. 

It has been customary to explain the phenomena of distri- 
bution in some of the following wa3rs. GQnther,* noting that 
some freshwater fishes are able to migrate into salt water, 
supposes that the passage from one river to another may have 
been accomplished in this manner, or that there may have 
been a temporary' piissage opened across a watershed by a 
flo(>d. Lyellf quotes (Imelin as authority for the statement 
that freshwater fish-s^awn are distributed bv' anseres; and 
he states further that scattered lakes are stoeked bv minute 
eggs, entangled in the feathers of the waterfowl, and that 
the water beetles ( Dycticidie), which are amphibious and fly 
in the evening, may transport minute ova to distant pools, as 
when the fry of fish appear in rain pools. Darwin writes on 
this subject as follows: 

On \hf sHm»» contiiHMi! fn'shwatiT fish i>ft»'ii raiiyr** witl»*lv, and as if 
rHpriciniisIx : for in two adjoininir rivtT svsirms st»m»* of \ho s|N>cit*s 
mav b#* tin* Hanif and som«' whollv ditr»*ri*nt. It is prohablr that th»'v 
an* occasional I V trans)M>rt«Ml l>\ what max bt* called ac(*i<lt'ntal mt^ans. 
Thus flsh»'s still aliv«* an* not very ran*ly drop|M'd at distant |M)int~s by 
whirlwinds: and it is known that tin* »)va n*tain thj-ir vitality for a con- 
si<l»»rablr tinn' aft«T removal from tin* wat«'r. Tln-ir dis|H»rsal mH> . 
how«*v«'r. !)•• mainly attributed to chan>r»*s m tin* I«'vt»l t)f thr land with- 
in lh»' n'C«*nt p^'riiHl. causing riv»»rs ti» flow into ♦•ach other. Instaiic*>K 
alHo could b«> ^iv4'n of this having occnrn'<l during f1(MMls. without any 
chaniir** «»f h*vi*l. Tin* wid»* flitfiTence of the fish t>n the op|M>site sidesof 

♦An IntrcMhiction to the Study of Fishes. Edinburgh. 1880. pp. !>ll, 
f Principles of (ieolojry. eleventh Am. e<l,, II. p. :J74. 
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mo6t mouDtain ranges which are continuous, and which consequently 
must from an early p<?riod have completely prevented the inosculation 
of the river systems on tlie two sides, leads to the same conclusion.* 

Throiuih headwater dirention, 

Darwin had in mind evidently those changes whieh a care- 
ful study of rivers has established as a part of their history. 
It is unnecessary here to refer to particular instancesf in 
which by changes in the headwaters oi a river, some portion 
of its drainage has been diverted into another system, carry- 
ing with it of course a representation of its fauna and a 
change of condition in the whole life of both streams. It has 
been further shown that, at successive times, the headwaters 
of a river system have been diverted into a contiguous basin, 
so that, since the changes are slow and gradually accom- 
plished, each new capture may introduce into the fauna of a 
river basin new varieties, which would find themselves in 
close contest with allied species already introduced, as well as 
with the older species peculiar to the river system. Dispersal 
may in this manner be accomplished across a main summit of 
land, such as that now dividing the waters of the Mississippi 
basin from those of the Atlantic slope, or it may be limited to 
interchanges of fauna between parallel streams occupying the 
same continental slope. 

Tbroityh antecedent .streams. 

The not altogetiier acceptable case of the (Jreen river, 
which flows through the Waiisatch range in Utah, may be 
taken as an example of rivers (»f this ehiss, where the uplift 
of a mountain barrier has been successfully resisted by the 
river. So long as unsurmountable rapids or falls do not in- 
tervene, there is a free communication across the range. 
Even where falls of considerable magnitude occur, certain 
fisiies have accjuired the habit of leaping them in their at- 
tempt to reach the headwaters during the spawning season. 
If, at a late date in the history of an antecedent river, its 
headwaters be tapped and led to the sea in another direction, 

♦Origin of S)M'ci«*s, sixth (Am.) *h\.. New V«>rk. p. .144. 

IW. M. Davis: A Kivir Pirate, Science, xii, lS8i). p. 108. 

U. DeC. Ward: Another River Pirate, Soieiice, xix, 1891, p. 7. 

H. L. Harris: A new instance of stream capture. Science, xxii. 181KJ, 
pp. 3«. :{7. 

<'<»llier Cobb: .V recaplure from a Kiv«*r Pirale, Scit-nce. xxii, 181KJ, p. 
1U5. 
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abandoning the pass through the range, we may have pre- 
sented the phenonienon of two streams in headwater opposi- 
tion with identical species; but the '*wind gap'' will remain 
as a monument of the time when the streams were part of the 

same system. 

Through alluciatioh. 

Changes of less significance, but often throwing light on 
the dispersion and consequent modification of fluviatile life, 
occur in the deltas and alluvial plains of river basins. By 
increasing alluviation in the delta region, the tributaries of 
the main stream are often forced aside to flow in the lower, 
back levels of the plain, along which they may find their way 
to the sea many miles distant from the vagarious mouth of 
the master river. In this manner a fauna once common to the 
main stream and its tributary may be divided except for the 
occasional communication established by floods in the delta 
district. But if the separation thus initiated be continued by 
favorable geological conditions, the isolation of the two fau- 
nas may be so complete that any subsequent intermigration 
between the two river systems must take place through the 
salt water along the coast, or by one of the interstream 
changes already described. The Red river of Louisiana is 
now in this initiatory stage of separation from the Missis- 
sippi river. 

Through slight sitfnuergence. 

Wiiere submergence takes place, the lower courses of rivers 
become converted into arms of the sea. Drowned river valleys 
of this origin now abound in the northern hemisphere. Where 
this has occurred the freshwater fauna common to the master 
stream and its lower tributaries may be cut off from each 
other by the invasion of salt water, as in the case of those 
rivers which discharge into the present ('hesapeake bay. 

Through eleratiou nnd rerical of streams. 
Opposed to the preceding action on organic life, is the up- 
lift of a region like Hudson's bay, whereby the streams would 
be made to continue their courses seaward and frequently be- 
come confluent, thus bringing into contact species before liv- 
ing in separate basins. Whereas, in the case of submergence, 
the freshwater species are crowded back into a constantly 
lessening domain and thus are afl'ected unfavorably, in this 
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case the same species have a more extended range towards the 
sea to which the salt water is withdrawn. 

As a consequence of uplift of the land and the revival of 
streams which have attained their baselevel of erosion, rapids 
and falls may be introduced in their, beds. Glaciation may 
induce the same effect through the irregular deposition of 
glacial drift. Some fishes before capable of occupying the 
greater portion of a river basin may thus be limited in range. 
Essentially marine organisms, capable of enduring temporarily 
fresh water, may be excluded from ranging above the falls. 
Anadromous fishes of the families Clupeida* and Salmonida?, 
including the shad and salmon, have the habit of ascending 
large rivers into fresh water to breed. Shad ascend the riv- 
ers in the spring, their ascent being limited by unsurmount- 
able falls and unfavorable temperature. It is probable that 
this habit of leaping falls has been acquired, and it points to 
a time when the practice of ascending to the headwaters of 
rivers did not require the exercise of this function. These 
fish seem then to afford us an instance in which a geographic 
change, common to the rivers of the northern, glaciated 
lands, has been met b}^ the acquirement of a habit of leaping 
falls, introduced into the streams by recent uplift or glacial 
derangement. Without this habit, the uplift of the land, or 
the formation of an axis of warping across the path of a 
stream, or even differential wear on the bed rock so as U\ form 
a fall, might have proved destructive to a species. Instances 
of this kind incline us to be cautious in speculating on the 
extent to which geographical changes of a minor kind exercise 
a life and death influence on particular species of animals. 

Effect of Basklevkling of a MorNTAiNois Reiuon. 

Mr. Alfred R. Wallace has recentlv considered the ef!*e<*t of 
geographic vicissitudes on organisms, under the title of 
"Changed Conditions/'* After enumerating the ordinary 
modifications of land and water and dependent climate in 
their action upon vegetation, and so on herbivorous animals, 
he notes that : **When such physical changes as these have 
taken place, it is evident that many species must either be- 
come modified or cease to exist." He further draws the con- 



' Darwinism, chnplrr v. 
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elusion that "whenever the physical or organic conditions 
change to however small an extent some corresponding change 
will be produced in the flora and fauna, since, considering the 
severe struggle for existence and the complex relations of the 
various organisms, it is hardly possible that the change 
should not be beneficial to some species and hurtful to oth- 
ers." 

In any land which has undergone degradation from a moun- 
tainous topography to a peneplain, we ought to find a marked 
change in the organisms at the close of the cycle of denuda- 
tion. In the first stages of change from original construc- 
tional topography, effects will be discernable. Sculptured 
slopes with ravines, sharp divides and peaks, cradle species 
and varieties by barriers which oppose ingress and egress 
With the development of the umbrella-shaped topography of 
the island of Oahu, the land snails have varied from a com- 
mon ancestral, coastal type to valle^'-cradled, differentiated 
varieties, in the upper and disjointed valleys of this disman- 
tled, volcanic island cone.* 

In the progress toward final baseleveling,the repeated diver- 
sion of streams or the reversals of drainage are a constant 
cause of changed conditions. The cycle begins in a moun- 
tainous tract with the least facility for migration of species, 
and ends in broad lowlands which favor the easy migration 
and wide distribution of plants and animals. 

Fad in y air ay of divider. 

If we f(>llow the surface of the lands downward from an 
original high relief to the completed baseleveled plain, we 
note first that the fading away of divides will throw animals* 
and plants before separated by barriers into one field, and 
that thus new adaptations between species will be enforced. 
Leveling off a mountain system and throwing the life of its 
opposite slopes into the same field would now in many parts 
of the world bring together species which must contest for 
survival. 

Darwinf states that he was struck with the remarkable dif- 
ference between the vegetation, the quadrupeds, and in a less 
degree the birds and insects, of the eastern valleys of the 

♦.1. T. <iulick: PrcK-. Ikwlon S»c. NhI. Hist., vol. xxiv. 18tK), pp. 106-7. 
f Journal of Researches, etc., chap. xv. Am. ed.. pp. 320 and 3:27. 
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Andes and those on the Chilean side, although the climate as 
well. as the soil was nearly the same, upon which he comments 

as follows : 

This fact Is in ^)orfecl Hccorclaiict* with the ^colo^ical history of the 
Andns: for these mountains have existed as a great barrier, since the 
present races of animals have appirared; and, therefore, unless we su|)- 
|M>8e the same siiecies to have been created at two different places, we 
ought not to exfK*ct any chiser similarity between thV organic bikings on 
the opfKisite sides of the Andes than on the opfM)site sides of the ocean. 
In both caiies we must leave out of the question those kinds which have 
b«*en able to cn>ss the barri«'r, whether of solid rock or salt water. 

If this divergence of character has developed with the up- 
lift of the mountain barrier, we ought, on the other hand, to 
expect further mutations when the barrier disappears by de- 
nudation; and the tendency of the change will be in part 
towards intermigration and the consequent unification of the 
fauna and flora. Thus on the eastern side of North America, 
on the two slopes of the Appalachian chain, which has been 
once baseleveled, the fauna and flora differ as little as possi- 
ble,* yet, when this mountain system was in an Andesian 
youth and very high, the life of its opposite slopes must have 
been as strongly marked as those of the southern cordilleras 
at the present time. 

Deffradattott of uplands. 

Organisms suited t'O steep slopes and high altitudes with 
low temperaturesf must vary, migrate up the remaining mo- 
nadnocks, or keep their stations at a disadvantage as the 
surface sinks by denudation beneath them. The artificial 
transference of some species from uplands to lowlands is at- 
tended with difficulty. Thus with alpine plants transplanted 
in the plains, **whether from a change of atmospheric pres- 
sure or mean temperature," says Mary Somerville,* "all at- 
tempts to cultivate them at a lower level generally fail ; it is 
much easier to accustom a plant of the plains to a higher 
situation.*' 



*The chain still acts as a barrier to the rnionida*. for instance. Se«» 
Chas. T. Sim))son. Proc. T.S. National Mus«'um, vi>l. .\vi. 181».'{. pp. 591- 
.5: also Am. Naturalist, vol. xxvii. p. 3.5H. 

f Dr. C Hart Merrinm has shown the im|)ortance of temperature con- 
trol in the geographic distribution of mammals. Smiths4)nian UefM>rt 
for 1891 (pub. 189H). p. 400. 

^Physical (ieography, second Am. ed.,18,'H), p. JM).*). 
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Spread of lowland rondifions. 

Since baselcveling by meteoric agencies does not necessarily 
bring about the drowning out of lowland species by the en- 
croachment of the sea, those forms which originally possessed 
the coastal belt will find a wider field opened to them by the 
degradation of the interior. If they migrate into this wid- 
ening field, they may be brought into contention with those 
forms which have followed the surface downward. Other 
things being equal, the endemic lowland forms will have an 
advantage over those organisms which are living under the 
trial of altered environment with the added stress of a eon- 
test against hitherto unmet species. The new conditions 
comprising wider range will atfect the lowland fauna and 
flora; it seems as if these forms should dominate over the less 
favored species forced down from the fading uplands. 

The peneplain an open Jl eld for land life. 

We have here to note perhaps the most important respect 
in which the new view of the origin of the ancient plains of 
denudation differs from the hypothesis of marine erosion. S<i 
long as it was held that plains of denudation and the great 
unconformities in the geological section^ were formed alto- 
gether or essentially by the action of the surf-mill advancing 
over their surface, animals and plants inhabiting the land 
must have undergone extermination or have sought refuge on 
islands, on the remaining territor3\ or have migrated to some 
land before unoccupied by them. Such even are the effects 
of bare submergence without actual baselcveling, stated by 
l)e La Beche* as early as 1887. By submergence, he says, 
**the area of dry land would be much diminished and the same 
amount of animals could not find room in it; there would be 

a considerable collision of species against species The 

weaker would give way, and thus some species might be ex- 
terminated so far as the islands were concerned." 

Where the process of planing off th<» lands was complete in 
the old view all land life must have been extinguished. The 
new view leaves the land open as a theater for land life; and 
the slow, gradual change in environment brought about by 
erosion is much more nearly in accord with the rate of alter- 

♦R»*s<*HrclH»s ill Tln'on-tical (Jrolo^i-v, N«*w York. IHJIT, p. 217. 
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atioD in organisms than are the rapid changes which attend 
submergence. 

(Uplift and d insect ion of the peneplain. 

With the revival of erosion through the elevation of the 
land and the consequent entrenchment of the rivers in the 
surface of the uplifted peneplain, the subtle organic coating 
will feel again the changed environment. Valleys and divides, 
cradles, barriers, and a choice of location, will again be offered 
to animals and plants as a change from the monotonous con- 
ditions of the completed peneplain. Following the altered 
environment will come the modified organism, varied by rea- 
son of migration or isolation and the multitude of causes 
which geographic vicissitudes originate in the organic realm. 
In this change from a lowland, interrupted only b}'^ monad- 
nocks, to a dissected upland, the lowland species will find the 
scales turned against them in favor of the survivors of the 
old highland life still clinging to the elevated monadnocks or 
some adjacent region of continued uplift. 

PART III. THK .lUKA-CHKTACEors PKNKPLAIN. 

From these general considerations we now turn to a period 
of baseleveling which is particularly well marked in North 
America in the existing topography and also, as I hope to 
show, in the organic history of the Mesozoic, the era during 
which the Jura-('retaceous peneplain was elaborated. This 
peneplain forms the most conspicuous topographic feature in 
eastern North America, and traces of a plain of denudation f)f 
this date are not wanting on the Pacific coast* and over the 
interior of the continent. While it is yet too early to state 
that this peneplain was so widespread as to affect the atti- 
tude of the continent as a whole, the evidence points to this 
conclusion and so to the effects in the organic world which 
would follc»w from such a condition of geograph}' in the mid- 
dle Mesozoic. 

The peneplain is well developed in the middle Atlantic 
statesf and southern New England, as it is also in the south- 

*Mr. .1. S. Dillcr's ^('iif'rali/M'il s»'i*!ioii acmss tin* Sirrra Nt'va<lH raiiy<' 
••xiiibils the oiitliiu* of an uplifted, tiltrd and faiiited pfh«'|»lHiii. Sim* 
WiZ. I, Hiilh'iiii Mi, !'. S. (MM»I. Survey, p. V.i. 

fProf. W. M. Davis. Ki\ers and Valh'vs »»f Pennsvlvania. Nat. (Jeo- 
>rraphif Ma^a/in<>. vol. i. ISStK 
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ern Appalachians.* It forms the even crests and sky-lines of 
the mountainous ridges in Pennsylvania and New Jersey, and 
thence it declines beneath the sea level, forming the plane of 
unconformity between the upturned edges of the Jura-Trias 
or Newark group and the Potomac and higher beds which 
rest upon it. So conspicuous is this feature in the landscape 
of the eastern United States that it has generally attracted 
the attention of observant travellers. Thus, in the valley of 
the Ohio, we find the following description given by Bourne :f 
Perhaps tin* best idea of th«* lupo^raph y of this region may be obtained 
by comparing it to a vast elevated plain, near the center of which the 
streams rise and in their course wearing down a bed or valley, whos«* 
depth is in proix)rtion to their size or the solidity of the earth over 
which they flow, so that our hills, with some few exceptions, are noth- 
ing more or less than cliffs or banks made by the action of the streams, 
and although these cliffs or banks on the rivers or large cn-eks approach 
the size of mountains, yet their tops are generally level like the remains 
of an ancient plain. 

Kon-marine beds rest on the peneplain on the Atlantic Coast, 

It is a curious fact that immediately succeeding the period 
of erosion in which the peneplain was in great part formed, 
there comes, along the Atlantic coast in southern New En- 
gland, New Jersey, and some of the states farther south, a 
series of non-marine beds, the Potomac and the lower portion 
of the Upper Cretaceous or Karitan group in New Jersey. 
These beds preclude the idea of marine erosion as the cause 
of the denudation which preceded them. It was at a lat^^r 
time in the Upper Cretaceous that the sea encroached upon 
the area and deposited sands and marls. The Potomac beds 
are referred to the border line between the Jurassic and the 
C'retaceous; and, if we admit their earlier age we must sup- 
pose that the Piedmont portion of the peneplain was essen- 
tially reduced to baselevcl before the close of the Jurassic 
period. 

The plant-bearing Raritaii clays in New Jersey dip ocean- 
ward, according to Pr(»f. W. B. Clark,* at a rate somewhat 

*Hayes and Campbell, (ieoniorphology of the Southern Apimlachians. 
Nat. (Jeog. Mag., vol. v. 18U4. 

f Quoted in .1. II. C'olton's Western Tourist or Kmigrant'slJuide. New 
York, 1H4(J. pp. 10-11. 

X\ Preliminarv Ueix»rt on the Cretaceous and Tertiarv formations of 
New .lersey.Ann*. Ke|H»rt N. .I.Cieol. Survey for 181)2 (pub. 18J>3), p. 182. 
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steeper than that of the overlying marine Cretaceous. This 
fact supports the conclusion arising out of the absence of 
other than a few brackish water molluscan fossils in the group, 
that a barrier existed at this time eastward of the present 
shore-line, whereby the sea w^s partly excluded from the 
Piedmont area. This would make the Raritan and the ofder 
Potomac groups probably of lacustrine or estuarine origin de- 
posited in basins formed by the warping of the baseleveled 

plain. 

Posf-Cretaceous history o/ the peneplain. 

At the close of the Cretaceous, the peneplain and the upper 
Cretaceous deposits which covered its submerged seaward 
margin were elevated and tilted. Streams began to cut down 
valleys and to undergo those adjustments which had previ- 
ously been outlined in the initial stages of baseleveling. Great 
changes in geography were made in the western or cordilleran 
portion of the continent. By the end of Eocene times in 
eastern North America, the streams had almost worked out 
another or Tertiary baselevcl : renewed uplift caused them to 
sink their valleys still deeper. 

The coast shelf the correlative of the peneplain. 

Denudation has its counterpart in deposition. The growing 
coastal shelf of the Atlantic coast, including the formations 
newer than the Jura-Trias and older than the Tertiary, is the 
structural complement of the adjacent portion of the merely 
superficial peneplain. If the one influenced the character of 
the land life during its topographical development, the other 
had its due effect on the marine fauna. Hayes and Campbell* 
have recently called attention to the correlation between the 
sediments and cycles of baseleveling in the southern Appala- 
chians. With the decline in the grade of the rivers debouch- 
ing on the Fhore, the sediments became finer and finer; when 
baselevel was reached the stream contribution was in the form 
of chemical rather than mechanical waste. With the progressive 
shallowing of the continental submerged margin the scour of 
currents and efflux of tides would spread farther out from the 
shore-line the conditions which on deep water shores are con- 
fined to a narrow fringe below the littoral. The shoaling of 

*Geomorpholojrv of th<* S()Uth«*rn AppHiHchiHiis. Nat. (ieo^. Majr., vol. 
VI, 1804, pp. 12:^-120. 
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the coast through the growth of the coastal plain would 
tend to increase the temperature of the water on the new 
soundings, as W. F". Ganong* has noted as the effects of mod- 
erate uplift in recent geological times. Shoaling and straight- 
ening out of the shore-line diD\inish the tides, and these being 
less do not so much perturb through the admixture of the 
deeper cold water the surface waters warmed by the sun. 

With the development of the coast shelf synchronously with 
the peneplain there was brought into existence a population 
of marine reptiles, the niosasaur and its allies. Just as land 
mammals, as we first know them, are paralleled by representa- 
tive marine cetacean species, so, in the abundance of reptil- 
ian life, forms were adapted to existence in the sea and on the 

and 

The Life inhabiting the Peneplain. 

Turning now to the more familiar account of the fauna and 
flora of the Mesozoic, we find both of these productions at tht* 
apparent fipening of the era remarkably dissimilar to the Pal- 
eozoic forms. During the succeeding secondary periods 
equally noteworthy changes took place. Along with this 
rapid advance in the higher vertebrate ranks, we have the 
seeming fixity in some of the invertebrates after the comple- 
tion of the peneplain. 

The freshwater mollmtca attaineV their preaent characteriativs 

before the close of the Crefaceotfs, 

We have to note that the freshwater niollusca of North 
America attained approximateh'^ their present characters dur- 
ing the peri(Kl of evolution of the baseleveled lowlands, and 
that they have undergone little modification in the succeeding 
periods until now. ''To so great a degree had this differenti- 
ation then attained." states Dr. ('. A. White in his report on 
the Cretaceous invertebrates of the* Plateau Province, '*that 
the species of L'nio. Helix. Physa, etc., seem to have been as 
diversified and well developed as they are at the present tirae. 
Indeed the species of these genera are so elosely like some of 
those now livintx that thev need onlv the fresh condition of 
recent shells to remove all suspicion of their great antiquity 
from the mind of the casual observer." One of these genera, 

*S<nith«rii lii\»Tt«bra!«'s nil tin* Shnrfs o( Acadia. Trans. l{ov. Si>c. 
Cuiiacla. Ji iv. 1S1M». (pp. H;Ms.">) p. 1S|. 
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Physa, has been found in the ancient freshwater fauna of the 
Lower Coal Measure limestone of the Eureka district in Ne- 
vada,* a discovery which shows for how long a time the ex- 
isting mollusca of the land waters have held their own on the 
American continent. In what has been said concerning the 
mutations of the drainage of the inland waters, the attempt 
has been made to point out the manner in which their differ- 
entiation may have been brought about. These mollusca 
survived the geographic changes which at the close of the 
Mesozoie destroyed the function of the peneplain as a low- 
land ; in this respect the mollusca differ widely from the rep- 
tilian group, which, as we shall see, pass out as the peneplain 
was uplifted and dissected. 

Changes of the flshes and amphibians not iceU understood in 

relation to the peneplain of this date. 

While it is among the vertebrates that the most obvious al- 
terations are found, not all of the changes are readily traced 
to the bearing which the lowlands of the Mesozoie might have 
had upon their particular groups. Among fishes the ganoids 
held sway as late as the culmination of the peneplain in Cre 
taeeous times, but they gave way then to the teleosts and have 
now but a scanty representation in our rivers. That there 
was a marked change in the character of the fishes in known 
areas at this time is well known, but how far the differentia- 
tion of the fishes had been accomplished through these river 
changes is difficult to determine, particularly for the reasons 
that freshwater fishes are rarely found, and that these, like 
the mollusca, are invariably lacustrine species. We must be 
content with pointing out, in this place, the manner in which 
the river changes may have operated to modify the species. 

Of amphibians, the labyrinthodonts, the first of which ap- 
peared as early as the Carboniferous, survived the Appala- 
chian revolution, attained their grandeur in the Trias, and 
apparently disappeared in North America before the Upper 
Cretaceous. The exact cause of their decline is probably to 
be sought in the development of the more powerful reptilia. 

♦A. Hajrue, (irtM)It»^v of tin* Kiirfka District. Moriojr. xx. U. S. (m»oI. 
Snrv.'v. 1««-. !»• ^^^ * 
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Reptiles and particularly the dinosaur group are correlated in 
development with the growth of the peneplain. 

Reptiles proper are the best indices we have of the influ- 
ence of the peneplain on organic life. "This class," says Le 
Conte,* "seems to have culminated about the end of the Juras- 
sic or the beginning of the Cretaceous period. If their re- 
mains are more abundant in the Jurassic in Europe, they are 

far more abundant in the Cretaceous in America. In 

fact," continues this lucid writer, "we had here in America 
during that time an extraordinary abundance and variety of 
reptilian life, including all the principal orders," With the 
abundance of land reptiles we find also the greatest variety of 
marine forms. "The reptilian type," states the venerable 
Dana,f "was unfolded in its complete diversity: the sea, air 
and earth had each its species; and there were both grazing 
and carnivorous kinds, of large and small dimensions." The 
chief of these in our interest are the Dinosaurs. "This great 
group of reptiles," says Marsh,* "were the dominant land an- 
imals of the earth during all Mesozoic time. According to 
present evidence, the dinosaurs were confined entirely to the 
Mesozoic. They were abundant in the Triassic, culminated 
in the Jurassic, and continued in diminishing numbers to the 
end of the C'retaceous period, when they became extinct." 

Heptilia are characteristic lowland forms. They will endure 
the cold of high altitudes and latitudes only by falling into a 
state of torpidity. In tiie development of the peneplain from 
the high relief of the Permian, and again, at the close of the 
Jura-Trias, the widening out of the lowland, with plains and 
jungles near tide-level, followed by depression of the land, 
must have highly favored the water-loving reptilia. It is to 
these geographic circumstances, I think, that we must look 
for an explanation of the remarkable history of this class in 
Mesozoic times. 

Objections arising from imperfect knowledge of the extent of 
the peneplain. The most serious objection which, as it appears 
to me, can be raised against the view that the production of 
broad lowlands in the middle Mesozoic favored the domi- 



♦KlemtMits of (i«'t>lo>ry, lliircl i*d., 181)1, p. 484. 
fMniuiHl of (MM>lo>rv. third «h1., 1880, p. 48."). 
}Am. .lour. Sci., 111. vol. xxxvii, 1880, p. .'ilU. 
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nance of the reptilian group, arises from the imperfection as 
yet of our knowledge concerning the extent and distribution 
of the plain of meteoric denudation of this date. It seems 
now clear that the baseleveling of the North American conti- 
nent was so widespread as to be admitted as capable of exert- 
ing the control which is here claimed for it.* In the case of 
western Europe the evidence is also good, if we interpret the 
records in the light of our present understanding of the part 
played in denudation by land waters.f These two fields are 
so far best known for their reptilian remains. The geology of 
South Africa is as yet too little known to attempt a correla- 
tion in that geological province. While the present evidence 
would seem to correlate the distribution of the dominant 
dinosaur group with the lowlands of the Mesozoic about the 
North Atlantic, future discoveries may not only modify but 
controvert this opinion. 

It was not until this paper was written that I became ac- 
quainted with the work of Neumayr on the geography and 
organic life of the European Jurassic andNeocomian periods. 
The fact pointed out by him that the upper Jurassic rocks 
extensively overlap those of the lower Jurassic, so that **the 
Lias was not deposited over an enormous part of the earth's 
surface,"* is paralleled by similar conditions on the North 
American continent in the middle Mesozoic :g but in this 
western world the subsidence which followed these broad con- 
tinental conditions did not come until the upper Cretaceous. 
It is pretty clear that the period of development of the Jura- 
Cretaceous peneplain was one also of broad continental condi- 
tions, a circumstance evidently favorable to baseleveling. It 

*S«»o W. M. Davis: Tht* Osa^r Uiv«*r and th»* Ozark Uplift. Sci^Mice, 
vol. XXII, \mX pp. 27«-27!). 

Dr. <'. A. Whitv: CorrelatiDn PaiMTs— Cn'taceiMis, bulletin H'i, U. S. 
(if»<>l. Survfv, [time-hiatus befon* Lower CrftaceousJ p. VMS: also pi. U, 
ibid., "A Summary of the published C'retaceous S*»ctions for each re- 
jrion" of the United Stal»*s. shtiwinj: lime-breaks in Lower <'r»'taceous 
contraste<l with de|)osition. 

S. F. Emmons: Orographic movements in the Rockv Mountains. Hull, 
(ieol. S)c. Am., vol. I, 181)0, pp. 2«9-27» (.lurassic land*). 

■fH. H. W<MKlwar<l: (ieolojjrv of Kn^land an<i Wales, first ed., 187(J, pp. 
:««), 400. 

tSir Arch. (Jeikie, Text-book of (ieolo;^'v, third ed.. 18J«. pp. 8aV8«7. 

5$l)r. ('. A. White, Correlation Pain-rs, Hull. 82. V. S. (;r<»l. Survev. p. 
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is probable also that this broadening of the lands by elevation 
and coast building, by extending the field for land organisma, 
was favorable to the great group of reptiles. We find a par- 
allel development of the group of mammalia when in the suc- 
ceeding Tertiary periods the lands again became the present 
massive continents. 

Objections arising from lack of knoirledge of the distribn- 
tion of the Mesozoic reptiles. It is not too much to say that 
existing reptiles are lowland forms. While a few species 
range to great altitudes they are so few in numbers individu- 
ally and specifically as to detract nothing from the generali- 
zation. It is, however, much more difificult to substantiate 
this claim for the class in Mesozoic times. With the great 
diversity of reptilian life which then existed it is highly 
probable that forms were adapted to life in mountains as well 
as on the plains. We should expect from the aitinities of the 
dinosaurs and what can be learned of their habits that they 
were water-loving forms, and hence ranged along the rivers 
and lake basins. Professor Marsh speaks of the Atlantosau- 
rus as inhabiting the shores of the mountain lakes; but the 
bulk of this and other animals of the order makes their dwell- 
ing in a strictly mountainous region quite improbable. It 
seems more likely that the kanguroo-shaped dinosaurs, par- 
ticularly such forms as Claosaurus, Ceratosaurus, or even 
Anchisaurus of the Jura-Trias, were adapted for progression 
over plains. But although the variety of forms was carried 
to such an extent, with adaptations to every habitat and 6ta> 
tion, there is little question, it seems to me, that the class was 
then as now mainly distributed in the lowlands. 
Mammalian life anfavorably affected bij the jteneplain and 

reptilian life. 

The weak marsupials or low mammals, which first appear 
in this country with Dromatherium in the tolerably high relief 
of the Trias, were apparently driven to the uplands by the 
more puissant and numerous reptilia of the peneplain. Their 
development seems also to have been retarded. This restraint 
of the higher class b}' the reptilia we may fairly attribute to 
the advantage which the latter derived from favorable geo- 
graphic conditions. '*It is a most remarkable fact,'' says 
LeConte, **that although marsupial mammals have been found 
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in the Jurassic and probably existed in considerable numbers 
then, yet not one has been found in the Cretaceous," to which 
he adds, "It is probable, therefore, that during the Cretaceous 
the marsupials which doubtless existed had been driven to 
some other portion of the earth, where we shall yet find their 
remains when our knowledge of the geology of the globe is 
more complete."* Professor Marsh, with the aid of Mr. J. B. 
Hat<;her, has found, since this statement was made, the abun- 
dant mammalian remains of the Laramie beds in Dakota and 
Montana,! thus fulfilling a long made conjecture ; but these 
mammals, though living at the close of the Cretaceous, are of 
old, lowly types, and with them were found the bones of the still 
dominant dinosaurs. On the east coast of North America 
mammalian remains are as yet unknown in the Cfetaceous. 
If these animals existed in the region at that time their range 
was doubtless limited to the monadnocks. These cradles for 
the mammalia offered an escape from the lowland life, but 
presented no opportunities for preserving fossils, except 
where great interior lakes existed. 

The clone of the Mesozoic attended by the extinction of the di- 
nosaur group and the uplift and erosion of the peneplain. 
The break in organic life which occurs in the interim be- 
tween the Cretaceous and the lower Tertiary is generally wide- 
spread ; in a few areas such as that of the interior district of 
North America the passage is well recorded. There the di- 
nosaur group passes out and gives place to new life which came 
in as by a bridge from some land before separated from the 
habitat of the reptilia. It has long been recognized that the 
geographic changes of this time were concerned in this or- 
ganic revolution. Professor Verrill, in a lecture at Yale col- 
lege, regarded lack of parental care as a probable cause of the 
extinction of the large and powerful reptiles of the Mesozoic 
age and of the large mammals of the Tertiary;* and Prof. 
Marsh has pointed out the fact, true of these reptiles as of 
the gigantic brutes of the American Tertiaries of which he 
particularly speaks, that they had] brains of diminutive pro- 
portions. **The small brain, highly specialized characters and 

♦Kl.*m»Mits «>f (ieolo^y. third ed.. ISDl, p. 402. 
fAm. .lour. Sci.. Ill, vol. xxxviii. 1889. pp. 81-8:{. 
tQuotf'd by K. W. Morse. Scifiu-«\ vol. x. 1887. p. ?.'>. 
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huge bulk rendered them incapable of adapting themselves to 
new conditions, and a change of surroundings brought ex- 
tinction."* 

The late Mr. S. V. Wood attempted to adduce an explana- 
tion of the break in the character of the faunas of the Creta- 
ceous and Tertiary periods in the European province from 
the geographic changes which then occurred. f He supposed 
that "the disappearance of the marine saurians was conse- 
quent upon that of the cestraciont fishes, the destruction of 
the latter having proceeded from the failure of the tetrabran- 
chiate cephalopods which supplied their food," these in turn 
owing their extinction "to the entire change which took place 
in the position of the shores at the close of the Cretaceous 
period." "This change," he thought, "was so complete that 
such of the shore-followers as were unable to adapt themselves 
to it succumbed, while the others that adapted themselves to 
the change altered their specific characters altogether."* The 
ammonites and other chambered cephalopods of the Mesozoic, 
he pointed out, we have reason to believe were, like the Nau- 
tilus, bottom-feeders, and therefore shore-followers. Wood- 
wardg supposed that the chambered cephalopods could not 
exist in depths exceeding 20 or 80 fathoms. The geographic 
change which Mr. Wood invoked was one from the littoral 
conditions of the Lias, Oolite and Cretaceous formations of 
Kngland and northern France to the exclusion of the sea by 
the uplift and western extension of the European continent, 
so as to confine the waters of the Eocene nummulitic sea to a 
gulf such as that of Arabia or Persia. 

In North America, the completion of the peneplain was fol- 
lowed first by the submergence of the later Cretaceous, then 
by the reversed movements of the succeeding Eocene. In the 
Sierra Nevadas the faulted surface of the peneplain forms 
the even tops of the western slopes of the range; and in east- 
ern North America the peneplain has been ditt'erentially ele- 

♦Ibid. 

fOii the Form uiul Distribution of th«* liHiid-tnicts during lh»» St»c- 
oiulHry uihI Trrtiary |M'ri(Mls rfS|M*oiiv»*ly: hihI on tin* i'tf«'cts ujion Ani- 
mal Life which >rr«'ul chanjres in (t«M)^'raphical ( 'on fljfii ration havi* 
probably pr<Hluc«'cl. Philosophical Majjazine, fourth series, vol. xxiii, 
mVi, pp. 1(M).171, •,><M>-28*2. :{8i-:«K{. 

♦Ibid., p. :iH4. 

^Manual of Mollusca, sec«)nd ed.. 1871, pp. 184, 18.'). 
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vated 8o u@ to stand at various bights, many of them mountain- 
ous. On the Pacific coast, the correlated coastal shelf was 
built into the Coast Range; on the east coast, the continental 
shelf has been slightly uplifted in the south and somewhat 
depressed in the north. 

The Flora of the Mesozoic underirent alteration. 

The change in the animal life of the Mesozoic was equalled 
by the alteration and advance in the. character of the flora. 
The flattening down of the peneplain was attended by- the 
incoming of the higher vegetable types. "Even with the Ju- 
rassic epoch, the next in succession to the Trias," says Sir 
J. William Dawson,* **there are clear indications of the pres- 
ence of the endogens, in species allied to the screw- pines and 
grasses; and the palms appear a little later, while a few exog- 
enous trc?es have left their remains in the Lower Cretaceous, 
and in the Middle and Upper Cretaceous these higher plants 
came in abundantly and in generic forms still extant, so that 
the dawn of the modern flora belongs to the Middle and 
Upper Cretaceous.'* 

Mr. Alfred Russel Wallacef follows BalTs hint as to the 
cause of the late appearance of exogens. The suddenness of 
their appearance, he notes, must be only apparent, being "due 
to unknown conditions which have prevented their preserva- 
tion (or their discovery ) in earlier formations.'' Mr. Ball* 
has supposed that the monocotyledons and the ferns, equise- 
tums, cycads, and conifers inhabited the lowlands, while the 
dicotyledons grew in the uplands, where there were less pres- 
sure, heat, moisture and CO.^ in the air; and on this Mi*. 
Wallace remarks that, in the Rocky mountains ferns and 
monocotyledons are scarce in comparison with dicotyledons, 
dryness and rarity of the atmosphere being the cause. Ele- 
vated plateaus and mountains, he states, are more favorable 
to dicotyledons than to monocotyledons, and we may well sup- 
pose that the former originated within such elevated areas 
and were for long ages confined to them. 

If we suppose that the earlier Mesozoic uplands were the 

♦(Jeolojficul History «»f Plants, pp. 177, 178. 

f Darwinism. Humboldt IJbrary tnl.. p. 270. 

XOw the Orijriii of the Fhira of the Kiin>|N'an Alps, Proc. Koy. (Jeog. 
Soc.. vol. I, 187», pp. r)(W-r)88. 
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seat of the existing dicotyledons, then by the lowering of the 
surface by gradual consumption of the interstreani areas, 
these forms must have been brought into conflict with the an- 
cient flora of the lowlands and thereby forced into a contest 
for supremacy. The uplands which still remained in the form 
of monadnocks rising above the baseleveled plain served as 
reservoirs for replenishing any weakening in the cohorts of 
the endogenous species. 

We should expect to find the influence of baseleveling dis- 
advantageous t^) the upland flora and hence favorable to the 
continuation of the old Paleozoic types. The fact that the 
endogens prevailed in spite of this geographic change would 
make it seem that the upland mainly endogenous forms were 
hardier and accommodated themselves to the lowlands, ex- 
cluding the older flora. Thus, at the base of the Upper Creta- 
ceous on the east coast of North America, we find the dicoty- 
ledonous forms at or near sea-level in the Raritan group in the 
period following the baseleveling of the Piedmont plateau. 

Recapitulation. 

To sum up the faunal history of the Mesozoic alone, we 
have seen that />ar/ [inssu with the creation of broad lowlands 
there was brought on to the stage a remarkable production of 
reptiles, a characteristic lowland life; and we note that the 
humble mammalia were excluded from the peneplain or held 
back in their development, so far as we know them by actual 
remains, during this condition of affairs until the very high- 
est Cretaceous. At the close of the Mesozoic, the area of the 
peneplain was uplifted and there came into it the new life. 
Not only the changed geographic conditions, but the better 
fitted mammalia also were probably factors in exterminating 
the life of the peneplain. It would be more satisfactory if we 
could go farther in the correlation than to point out the bare 
correspondences in organic and geographic development 
which seem to be related so closel}'^ in time. In tracing these 
related changes attention has necessarily been called away 
from other perhaps eciually cogent means of dispersing and 
modifying life. There were numerous changes of level and 
climate which tended to (|ualify and perhaps locally to nullify 
the etfect of the peculiar geographic conditions of the Middle 
Mesozoic; but after admitting all these, it still seems fair to 
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draw the conclusion that the peneplain gave the reptilian 
class an advantage over the marsupials and as yet lowly or- 
ganized mammalia of higher types. This may have retarded 
for a time the mammalia in their conquest of the lands. 
Without the occurrence of the conditions which produced the 
broad peneplain, the ongoing of the mammals might have 
been more quickly accomplished, but on what lines? 
Extension of the Inquiry to other Cycles ok Denudation. 

If we admit the principle which I have endeavored to derive 
from the history of the reptilian group in Mesozctic times, we 
ought to be able to apply it to other fields in other times. 
The great unconformities which occur in the Paleozoic and in 
the earlier terranes of the Algonkian are, at least in part, ge- 
netically peneplains. Unfortunately our knowledge of land 
life prior to the Carboniferous is exceedingly meager. It is 
only when the processes that formed the peneplain have 
ceased to act upon it, through the incursion of the sea or the 
warping of its surface to form lakes, that the records of ter- 
restrial life are embossed upon these monuments of erosion. 

In the Carboniferous period there is reason to believe that 
land life was strongly influenced by geographic conditions 
peculiar to that remarkable epoch. There were lowlands with 
swamps and jungles ad libitum^ and these were tenanted by 
the precursors of the reptiles of the Mesozoic, the early am- 
phibians; but the lowlands of this period which are preserved 
to us were submarine platforms built up to the baselevel of 
meteoric erosion, rather than old lands worn down to that level. 

Prior to the Carboniferous and probably also to the later 
Devonian epochs, a baselevel of erosion was worked out in the 
highlands of Scotland.* The Old Ked sandstone lies almost 
horizontally on this ancient floor. But though we know much 
concerning the flora and fishes of the Devonian, and a little 
regarding its insects, there is not enough well known toafi'ord 
a satisfactory correlation i>f the kind we seek to make. It is 
interesting to note in the Old Ked sandstone another case of 
apparently freshwater or lake bedsf resting upon what ap- 

♦Sir Arch. <t«'iki«'. SrfinTv <»f ScoIIuikI, s«'Conil <*(!., I^oiitloii. 1887. p- 

fConsiill SirA.r. Kanisay, "On i1h» K«*il Korks of Kiiirlaiul of <»l<l«'r 
datr tliaii thf Trias."" Quart. .loiir. (JimiI. S<»c.. Lomloii. vol. xxvii. pp. 
2U-2.")r»: Sir Arrh. (iriki*-. Tr\t-h<H»k of (i»'oloy:v, srcoinl ♦'(!.. I8K.*), p. 
711: aiul I.e. Kiissj'll. Hullrtin .")2. l'. S. (i«'o|. Survey, p. I7»'l vmj. 
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pears to be an ancient peneplain, suggesting, as before noted, 
a confirmation of the iiypothesis of meteoric denudation, fol- 
lowed by warping of the earth's surface. 

Of the still greater unconformities in the Algonkian, the 
vast period anterior to the Cambrian and succeeding the now 
reconstructed Archean, nothing can be said. 

Comparison of Baselevelino with Glaciation and 

Submergence. 

It remains to compare the action of the conjoined condi- 
tions which permit the formation of a peneplain with the 
effects produced on organic life by glacial periods on the one 
hand and by extensive oscillations of the land with reference 
to the sea, on the other. 

Croll* and Darwinf have amply considered the effects of 
glacial periods. Ice-sheets are potent in compelling rapid 
migrations, the crowding of indigenous and immigrant spe- 
cies within narrow limits in the extraglacial territory, and in 
causing the annihilation of the forms which cannot escape. 
When the ice disappears, an unoccupied and mostly deforested 
field is open for all comers. 

The effects of submergence and elevation of the land have 
been elaborated by Sir Charles Lyell in his "Principles of Ge- 
ology." Submergence drowns out the land forms, or causes 
them to migrate: and baseleveling by marine erosion accom- 
plishes the same result, so far as it goes. 

Baseleveling by stream erosion differs from both submerg- 
ence and glaciation in keeping the field open for the occupa- 
tion by organisms and for those changes which are promoted 
by the ordinary adjustments between species. It induces 
change through the tendency to lower and broaden the area 
of lands. As this baseleveling advances in a region, the like- 
lihood of submergence increases, since, the coast being lower, 
a less depression will cause the sen to flow far inland; it de- 
creases the chance of glaciation, for, the land being lower, the 
surface is farther removed from the snow line. 

Periods of baseleveling are characterized by relative stabil- 

*()n Cieolojfical Time, Part 111. Inquiry iiit«) the etfectK of Iceb4*rgs. 
Inter^lHCial Periods, etc. Philosophical Mapixine. N<»v.. ltS<W. 

fOrigin of SiR'cies. ch. xii. 
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ity, periods of glaciation, by relative instability, of the land 
with reference to the sea. 

Baseleveling of itself is not destructive to land life; both 
glaciation and marine invasion are sterilizing in their effects. 

The theory of the subagrial origin of plains of denudation 
helps our conception of the conditions which have favored the 
continuity of land life on the earth ; the theory of marine de- 
nudation compels us to adopt for the same time and place the 
conclusion that land life was driven out. The former, newer 
view is in accord with the fact that the fauna and flora of a 
country is more closely related to antecedent fossil forms 
than to exotic life; it is also consistent with the theory that 
the existing continents have long stood as dry lands, though 
temporarily invaded by the sea. 
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BasELEVELINc; of the CkETACEOIS northwestern plains DUR- 
ING THE Tertiary era. 
From the valleys of the Mi8si88ippi and Minnesota rivers, 
the Red river of the North, and lake Winnipeg, a broad area 
of plains ascends gradually westward to the foot of the front 
ranges of the Rocky mountains. The first ascent from the 
Minnesota and Red river valleys and from the flat country en- 
closing lakes Winnipeg, Manitoba and Winnipegosisismainlj- 
by an abrupt escarpment, eroded in the Cretaceous strata 

*Uentl b<*f<>n» the (iHuIojrical Society of America at tlie BrtM)klynmeet- 
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forming the eastern border of the plains. The altitude of 
these valleys and of the Manitoba lake region ranges from 1,- 
000 to 760 feet above the sea; and the escarpment, which, as 
viewed from the lowlands on the east, is named in its succes- 
sive portions from south to north the Coteau des Prairies, the 
Pembina, Riding, and Duck mountains, and the Porcupine and 
Pasquia hills or mountains, rises from 200 or 800 feet to 1,000 
feet within a few miles, its crest being mostly 1,500 to 2,000 
feet above the sea level. Thence westward the expanse of the 
plains, broken here and there by eroded valleys and tracts of 
sometimes very irregular denudation, has nevertheless for the 
greater part a very uniform nearly flat or moderately rolling 
surface, which rises on the average four or five feet per mile, 
to a hight somewhat exceeding 4,000 feet above the sea at the 
foot of the Rocky mountains in Montana and Alberta on the 
opposite sides of the United States and Canadian international 
boundary. 

The geologic strata of this northern portion of the great 
plains are the Dakota, Colorado, Montana and Laramie for- 
mations of late Cretaceous age, whose deposition took place 
during the closing part of the Secondary or Mesozoic era. 
Southward, in the United States, the plains comprise exten- 
sive deposits of Tertiary lacustrine beds, representing the 
continuation of the brackish water and finally lacustrine con- 
ditions which prevailed over large areas of the plains during 
the Laramie period; but in tiie northern regicm considered by 
this paper no Tertiary beds arc found. Since the beginning 
of the Tertiary era this region has been a land surface under- 
going denudation. When its marine and lacustrine deposits 
were first raised to be dry land they had a nionotonouslv flat 
surface. A very huig cycle of baseleveling ensued, beginning 
as soon as this northern pan of the plains was uplifted at the 
end of Cretaceous time* and continuing nearly (>r (piite to the 
end of the Tertiary era. During this time the surface was 
gradually lowered by the action of rains, rills, rivglets, creeks 
and rivers, until it was mostly reduced to a baselevel of sub- 
ac^rial erosion. 

AkKAL and VKUTICAL KXTKNT ok this HASKI.KVKLINti. 

Across an area TOO or NOO miles wide from east to west on 
the iiitenuitioiial lioundary, and of mueh greater extent from 
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south to north, the processes of baseleveling were at work 
through the vast duration of Tertiary time, cutting down the 
plains far below their original surface. But here and there 
isolated areas of hills and even mountains remain, consisting 
of remnants of the horizontal Cretaceous strata which else- 
where have suffered erosion. 

The most noteworthy eastern highland area of this kind is 
the Turtle mountain, lying in the north edge of North Da- 
kota and the south edge of Manitoba, its extent on the inter- 
national boundary being about 40 miles, with two-thirds as 
great width. This high tract, diversified by many subordi- 
nate hills and short ridges, 50 to 300 feet above adjoining 
depressions, rises with a massive general form suggesting, as 
seen from some distant points of view, the rounded back of a 
turtle; but as seen from the south or north, its many hills 
and buttes present a serrated outline. Its altitude above the 
surrounding country is 300 to 800 feet, the summits of its 
highest hills being about 2,500 feet above the sea. Beneath a 
veneering of glacial drift, which is in large part morainic and 
generally strown with many boulders, averaging perhaps 50 
to 75 feet in thickness. Turtle mountain consists of nearlv 
horizontally bedded Laramie strata, chiefly shales, with very 
thin seams of lignite. At or below the base of this highland, 
the freshwater Laramie formation rests on the marine series, 
which comprises the Fox Hills sandstone and Fort Pierre 
shales, the two great shale formations being separated by a 
sandstone stratum which outcrops in North Dakota on Ox 
creek and Willow river and on the Souris river between Minot 
and its most southern bend. A thickness of not less than 500 
to 1,000 feet of the Laramie and Montana (Fox Hills and 
Fort Pierre) strata has been carried away from the surround- 
ing eastern part of the plains. 

Westward the depth of the Tertiary baseleveling was 
greater. Around the Highwood and Crazy mountains, in 
central Montana, according to Prof. W. M. Davis* and Dr. J. 
E. Woltf,t the erosion of the plains has a vertical extent of 
3,000 to 5,000 feet. Perhaps the most striking evidence of 

*Miiiiiijf Industrials of th** TniU'cl States, Tenth ('«'nsiis, vol. xv, pp 
710, 737, 74.'). 

f Bulletin, <ie<)l. Society t>f America, vol. iii, 1S02. pp. 44.">-4.V2. 
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this great erosion is afforded by the range of th« Crazy moun- 
tains, which lies immediately north of the Yellowstone river, 
near Livingston, and is conspicuously seen from the Northern 
Pacific railroad. These mountains trend slightly west of 
north, and extend about 40 miles with a width of 15 miles, 
attaining an elevation of 11,178 feet above the sea, and 5,000 
to 6,000 feet above the prairies at their base. Their structure 
has been thoroughly studied by Wolff, who finds that they 
consist of late C-retaceous strata, soft sandstones, nearly hor- 
izontal in stratification, intersected by a network of eruptive 
dikes. The more enduring igneous rocks have preserved this 
range, while an average denudation of not less than one mile 
in vertical amount reduced all the adjoining region to a base- 
level of erosion. The Highwood mountains, about 25 miles 
east of Great Falls, having a hight of 7,600 feet above the sea 
or about 3,500 feet above their base, are described by Davis a^ 
displaying the same structure and therefore similarly testify- 
ing of great denudation. 

The uplift at the beginning of the Tertiary era appears to 
have raised this portion of the plains to a hight above the sea 
as great as the vertical extent of their Tertiary erosion, that 
is, to a hight of at least 1,000 to 5,000 feet, increasing from 
east to west. Toward the end of this era the baseleveling 
had reduced the country mostly to a plain which was proba- 
bly only a few hundred feet above the sea, lying much below 
its present altitude. 

Renewko Elkvati(»n and i»aktial Hasklevklin(j at the CIA)»E 
OK THE Tertiary and dlkincj the early part of the Qia- 

TENARY ERA. 

Between the general Tertiary cycle of baseleveling and the 
Glacial period, there intervened a second great epeirogenic 
uplift, as shown by a return of the conditions of vigorous 
stream erosion and a new cycle of partial baseleveling, by 
which wide tint valleys were cut in the eastern part of these 
Cretaceous plains. In Manitoba the northeastern border of 
the formerly baseleveled expanse was removed, the Creta- 
ceous beds being eroded to the underlying Archean and Pa- 
leozoic rocks upon a large area bounded on the west by the 
escarpment before mentioned as now forming the eastern 
limit of the plains. 
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The duration of the earlier baseleveling apparently coin- 
cided, as to both beginning and end, with the Tertiary or 
■Somerville cycle of partial baseleveling which' Davis and 
Wood have studied in Pennsylvania and northern New Jersey 
and believe to have affected a large area of the other eastern 
states.* The termination of the denudation forming the 
western plains, and their uplift to undergo the erosion of the 
Red river valley and of the present Assiniboineand Saskat<;h- 
ewan valleys, were probably also contemporaneous with the 
great epeirogenic movement which in (-alifornia, according to 
Mr. J. S. Diller, ended a long cycle of baseleveling that had 
extended through the whole of Cretaceous and Tertiary time, 
and raised a part of that baseleveled district at the beginning 
of the Quaternary era to form the lofty Sierra Nevada. f 
Again, the same record of long continued baseleveling, fol- 
lowed by uplift and a new cycle of rapid valley-erosion, is 
found by Powell J and Duttong in the plateaus and Grand 
canyon of the Colorado. The broad denudation above these 
plateaus, when compared with the studies thus noted in other 
regions, and with the total erosion of the canyon seems to have 
required not only the Eocene and Miocene periods, but also 
most of the Pliocene; for the ratio of the denudation to the 
canyon-cutting must be nearly orquit^ as great as that between 
the duration of the entfre Tertiary era and the comparatively 
short time since its close. Instead of referring the division 
of these parts of the history of the Grand ('anyon district to 
the beginning of the Pliocene, as was done provisionally b}' 
Dutton, it may therefore mark the final stage of the Pliocene 
period and the inauguration of the Quaternary era. In the 
southern and eastern United States, according to McGee, a 
similar great uplift of the land, with very extensive erosion, 

♦ProcMMHiinjfs, B<»ston SiK'iety of Natural History, vol. xxiv, 188J). pp. 
'i(V5-42H. National (Jeo^raphic Majjazin**, vol. i, JHSIJ, pp. 183-253: vol. 
II. 1890. pp. 81-110. 

fU.S. (ieol. Survey, Ki^'hth Annual Report, for 188(5.'87, pp. 428-432. 
Journal of (leolojry, vol. ii, pp. 32-54, .Ian. -Feb., 1894. Compare also 
articles by Prof, .loseph Le Conte, Am. Jour. Sci.. Ill, vol. xix, pp. 17(J- 
190, March, 1880; vol. xxxii, pp. 1(»T-181, Si^pt., 188(J: vol. xxxviii. pp. 
257-263. Oct.. 1889. 

^Exploration of the Colorado River (»f the W«'St, 1875. Geology i»f the 
eastern |x)rtion of the Uinta Mountains, 1870. 

gC S. Geol. Survev, Monograph ii, '*Tertiarv Historv of the Grand 
Cafton District." 1882. 
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intervened between the deposition of tlie Lafayette formation 
and the Ice age; and, in a reeent paper before this Society, I 
have shown that the successive Lafayette epochs of deposition 
and erosion are also recognizable in this more northern area 
drained principally by the Nelson river.* 

OiiKiiN OF THE Red kivek valley and the Manitoba escarp- 
ment BY THIS LATER EROSION. 

East from the foot of the Pembina, Riding, and Duck moun- 
tains and the hills farther north, together called the Manitoba 
escarpment by Mr. J. B. Tyrrell, of the Canadian Geological 
Survey, Cretaceous strata have not been found, so far as I 
have learned, in Manitoba, nor in the region north and north- 
east from lake Winnipeg to Hudson bay. It seems quite cer- 
tain, however, that Cretaceous beds continuous from this es- 
carpment extended eastward at the end of the Tertiary base- 
leveling so far as to cover the area of lake Winnipeg. As 
Hind and Dawson have well pointed out, it was by the erosion 
of the eastern portion of these beds, after the great western 
expanse of the plains had received nearly its present form, 
that this steep escarpment was produced.f At the time of 
uplifting of the plains near the beginning of the Quaternary 
era, this great baseleveled region appears to have stretched 
from the Rocky mountains to the Archean hills on the eastern 
border of the area of the later glacial lake Agassiz. The east 
margin of the soft Cretaceous strata was then anew subjected 
'to rapid erosion, wi^Ji the result that it was almost wholly 
worn away to the floor of the Archean gneiss and granite and 
Paleozoic limestones upon a width of 100 miles or more and 
to a depth westward of 800 to 1,000 feet as shown Vjy the hight 
of the Pembina mountain and Manitoba escarpment. 

In Minnesota and North Dakota the flat Red river valley 
plain, averaging 50 miles wide, with a depth of 200 to 600 
feet below the country on each side, and extending more than 
200 miles from south to north, opening into the Manitoba lake 
area, appears also to have been eroded at the same time. The 

♦Hullfliii. (i«M>l. S<)ci«'ty of Afn«*rica, vol. v. I8J)4, pp. 87-100. 

f 11. V. Hind, KfiHirl oT tlit* Assiiiiboiiu* aiitl Saskatchewan E.vploring 
K.\|N*ditioii. T«»ront«», l8r>J>. pp. I(W, KM): Narraliv«' (»f the Canadian Ex- 
ploring Kx|N'ditions. L(»ndon. 184)0. vol. ii. pp. 48, 5.5. and 2<S5. (i. M. 
Dawson, (ieolojrv an<l I{«'s<uirres of ih«' Forlv-ninth Parallel. 1875, pp. 
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conspicuous Pembina mountain escarpment of Cretaceous 
shales, overspread by drift, on the west side of this valley, 
deep wells penetrating through the drift to Cretaceous beds 
and older strata along the low valley plain, and the topograph- 
ic features of the land rising eastward from it with nearly the 
same rate of ascent as on the west, lead to the belief that 
the eastern like the western border of this wide valley is 
formed by an escarpment of Cretaceous shales beneath the 
drift. The baseleveled plain of the Tertiarj^ era has been 
broadly and deeply channeled during a later time of high 
continental uplift, contemporaneously with the erosion of 
canyons in the western and southwestern United States, and 
with the excavation of the lower Mississippi valley, of the 
Delaware and Chesapeake bays, and of other estuaries on our 
southern Atlantic coast. 

OCTLYINCJ REMNANTS OF CrETACEOL'S FORMATIONS EAST OF THE 

Manitoba and Pembina es('arpment. 

Although no Cretaceous beds have been reported on the 
north side of the international boundary east of the Manitoba 
escarpment, it may be expected that their remnants will yet be 
found in central and eastern Manitoba. Southward in central 
and southern Minnesota, frequent Cretaceous outcrops are 
known, and in numerous places deep wells, after passing 
through the thick covering of glacial drift, encounter Creta- 
ceous shales and sandstone, which in some instances are found 
ti) reach to a thickness of several hundred feet. Further evi- 
dence of the eastward extent of Cretaceous formations in this 
state is atforded in its northern part by Mr. H. V. WinchelTs 
discover}' of Cretaceous shales in place on the Little fork of 
the Rainy river* and on the high Mesabi iron range. f Lignite 
fragments, probably derived from the erosion of Cretaceous 
strata, are also occasionally found in the glacial drift upon 
the country south of the Lake of the Woods and between 
Rainy lake and Vermilion lake. Next beneath the drift, a 
considerable depth of Cretaceous beds probably still exists 
upon the greater part of the western two-thirds of MinnesoUi. 

*(t«*ol. and Nal. Hist. Survrs «if Minnesota. SixttM'iith Annual Ue|M>rt. 

f«»r 1887, pp. 4o:m>. 4:n. 4:u. 

IAm. (iKoi.cMJisT. vt>l. XII, pp. ilO-'i-^'t. Oct., \Hiy.l. 
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Concerning their eastern limits, Prof. N. H. Winchell, the 
^tate geologist, writes: 

A line drawn from the west t?nd of Huntors' island, on th« Canadian 
boundary line, southward to Minneapolis, and thpnc^ noiithfnsivpnidly 
throujfh Rochester to the Iowa state line, would, in general, separat** 
that part of the stale in which the Cretaceous is not>known to exist from 
that in which it dot»s. It is not here intended to convey the idea that 
the whole state west of this line is spread over with the Oetaceous, be- 
cause there are many places where the drift lies directly on the Silurian 
or earlier rocks; but throughout this part of the state the Cretaceoua 
exists at least in patches, and ijt»rhaps once extended continuously.* 

Topographic Features of Minnesota and Manitoba di:e to 

THESE Cycles of Baseleveling. 

Cretaceous deposits originally overspread all of Minnesota 
and Manitoba, excepting possibly portions of their eastern 
borders. The long Tertiary cycle of baseleveling greatly re- 
duced the thickness of these beds, but their part remaining at 
the end of the Tertiary era appears to have still formed a 
general envelope, with mostly a nearly level surface, above the 
older rocks for a distance of 100 to 200 miles eastward from 
the Manitoba escarpment, the Pembina mountain and the Co- 
teau des Prairies. Occasional tracts of hills, as the Turtle 
mcuintain, or a great highland ridge, as the Coteau des Prai- 
ries,! ^^^^ 5^^ ^^^^ ^^ more above the general level. 

With the ensuing epeirogenic uplift which marked the 
transition from the Tertiary to the Quaternary era, the 
streams again began a vigorous work of erosion. The broad 
Red river valley, with its enclosing escarpments, and the low 
lake district of Manitoba, with the great escarpment on the 
west, then were sculptured to nearly their present forms. 

In various parts of Minnesota, as Langhei and the vicinity 
of Glenwood in Pope county,^ conspicuous highland tracts 
and the depressions occupied by lakes seem attributable to the 
contour of the Cretaceous beds beneath a somewhat uniform 
mantle of the glacial drift. Another district of similar fea- 
tures is the neighborhood of Pokegama lake on the upper 
Mississippi and all the country thence westward to lake 
Itasca. The Pokegama lake, with its irregular arms, proba- 

*HulIetins «)f the MinnesDta Academy of Natural Sciences, vol. i. p. 
.*i48. Compare also (ieolo^'v of Minnesota. Final Ue|M)rt, vols, i and ii. 

f(ie<ih)j^'y of Minnesota, vol. i. 1HH4, pp. .')1K{, HOl. i-ic. 

Jlhid.. vol. ii, IHH8, p. 4»2. 
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bly fills the hollovrs due to the valleys of a preglacial river 
and its tributaries, not wholly concealed by the overlying 
drift. Within a few miles southwestward, a ridge several 
miles long and about 800 feet above the lake, singularly prom- 
inent in contrast with the surrounding moderately undulating 
or somewhat hilly surface, is reported by Prof. G. E. ('ulver, 
in his exploration of that district for the Minnesota Geologi- 
cal Survey, to consist probably of Cretaceous shales beneath a 
deposit of till which has partly a smooth surface but on the 
northern slope presents a profusion of morainic knolls and 
hillocks. In a third and larger area, north and northwest of 
Red lake, where an extensive island arose above the highest 
stage of lake Agassiz, the grand topographic features seem 
likewise due to the prominence of the Cretaceous beds, there 
deeply drift-covered.* 

In North Dakota and Manitoba, west of the Cretaceous es- 
carpment, hills and buttes of the Cretaceous shales, thinly 
covered by drift, occur rarely along the Sheyenne river; in 
the vicinity (»f Devil's lake, one of especial prominence being 
the Big butte, about ten miles west-northwest of this lake; 
and near the Pembina river, where Star mound and Pilot 
mound in Manitoba are examples. Proceeding farther west- 
ward, and especially northwestward in Assiniboia, such com- 
paratively small hills, besides also large hilly tracts similar to 
the Turtle mountain, are found more frequent. 

DlKErTI(»N OF THE TeKTIAKY AND EARLY QlATERNAKY DRAINAGE. 

The early Quaternary epeirogenic uplift causing the erosion 
and baseleveling of the Red river valley and Manitoba lake 
district must evidently have occupied a long period as meas- 
ured by thousands of years. Its duration may well have been 
coextensive with the Lafayette period, embracing the deposi- 
tion and erosion of the Lafayette formation, which in my 
previous paper already cited I estimate to have comprised to- 
gether some 60,000 to 120,000 years.f During this period the 
drainage from the entire area of the present Nelson river basin 
probably passed, nearly as now, toward the north and north- 
east. With the greater continental altitude of that time a 
river system much longer than that of the Nelson and its feed- 

*Am. CJkolooist. vol. xi, pp. l2:M2r), .Iiin<», \H\y.\. 
fHullrtin. Civtil. Society of AnfUTica, vol. v. pp. !)7, !M». 
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ing streams, the Ruiny and Winnipeg, Red and Saskatchewan 
rivers, flowed northeasterly through a vast nearly flat plain 
and thenee eastward along a great valley bounded by high- 
lands, where now we have the Hudson bay ahd strait. 

The drift-covered Cretaceous highland tract called the Co- 
teau des Prairies, terminating at the north, about twenty-five 
miles west of lake Traverse, in a bold headland, surrounded 
on all sides excepting the south by a nearly level expanse 800 
feet lower and about 1,200 feet above the sea, appears to have 
stood, during both the Tertiary and Quaternary cycles of 
baseleveling, in the angles between confluent streams which 
flowed to the north. Both the Tertiary and early Quaternary 
rivers from this part of the continent probably had their 
mouths on or south of the area of Davis strait; for the ab- 
sence of marine Tertiary formations from the coasts of the 
northern half of North America testifies to their having held 
a greater altitude throughout that era than now. 

Relationship of the later Baseleveling to the Ice age. 

Flowing so great distances before reaching the sea, the riv- 
ers of both these cycles of baseleveling may have denuded 
their areas of drainage, during the first cycle very completely 
and during the second partially, to broad plains, while yet the 
altitude of the Manitoba lake region equalled or exceeded 
that of the present time. Lake Winnipeg is 710 feet and lake 
Manitoba 809 feet above the sea. Newly uplifted as a high 
plateau during the early portion of the Quaternary era, this 
north part of the continent, rising probably somewhat fast^^r 
in the Arctic region than farther south, may have continued 
to present favorable conditions for the baseleveling of the 
Red river valley and the district of the great Manitoba lakes 
until the mean altitude of the area which became covered by 
the North American ice-sheet and its drift was 8,000 to 5,000 
feet higher than now, as indicated by the fjords and subma- 
rine valleys of our northern Atlantic, Arctic, and northern 
Pacific coasts.. The culmination of this uplift appears to have 
brought so cold and snowy climate that a vast sheet of snow 
and ice was gradually accumulated, under whose weight the 
land finally sank mostly somewhat below its present bight, 
causing the ice-sheet to be melted away, with deposition of 
its glacial and modified drift. 
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Comparative Estimates of the Amount of Erosion in this re- 
gion DURING Tertiary time, and during the Lafayette, 
Glacial, and Recent periods of Quaternary time. 
Along the distance of about 800 miles from the Lake of the 
Woods west upon the international boundary to the Rocky 
mountains, the depth of the Tertiary denudation ranged from 
500 feet to 3,000 feet or more. Its average amount may there- 
fore be estimated as 1,500 to 2,000 feet, or about a third of a 
mile, so that the cross-section of the strata removed along this 
line would be represented approximately by 267 square miles. 
During the early Quaternary or Lafayette period of re- 
newed epeirogenic elevation, the denudation on a width of 
about 100 miles, extending across the Red river valley to the 
Pembina mountain, ranged probably from 100 feet or less to 
400 or 500 feet, with increase from east to west, and its aver- 
age was apparently as much as 250 feet, giving a cross-sec- 
tion approximately equivalent to five square miles. On the 
area of the plains, for the 700 miles from the Pembina escarp- 
ment to the mountains, the contemporaneous erosion may be 
estimated to average 25 feet in depth, giving about two and a 
half square miles as the measure of its vertical section. 

The material eroded during these baseleveling cycles was 
borne far away into the North Atlantic ocean ; but the erosion 
effected b}^ the ice-sheet in the Glacial period subtracted 
nothing from the land surface as a whole. The ice-sheet sim- 
ply wore off the superficial beds of preglacial alluvium and 
residuary clay and portions of the bed-rocks over which it 
was amassed, bore these commingled materials onward with its 
motion, and deposited them at various distances southward 
from their preglacial sources. In this process many small 
hillocks and tower-like masses of the Cretaceous and older 
strata, similar to the fantastically eroded hills, plateaus, and 
pinnacles of the driftless area in Wisconsin, were worn down 
and leveled by the overriding ice, and the deep valleys of 
preglacial erosion were partially or wholly filled with the gla- 
cial drift. The mean thickness of the drift along these 800 
miles of the international boundary may probably be almut 50 
feet, its maximum thickness, which is deposited in the Red 
river valley, being 150 to 300 feet. Taking its average as 50 
feet on an extent of 800 miles, the vertical section of the gla- 
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cial erosion and deposition will be represented by about eight 
square miles. 

During the geologically short Postglacial or Recent period, 
which has been shown by the independent but well agreeing 
observations and measurements of N. H. Winchell, Gilbert, 
Andrews, Wright, and many others, to have comprised only 
some 6,000 to 10,000 years, the material eroded here has been 
again undergoing transportation to the sea or to the Manitoba 
lakes or lower portions of the great avenues of drainage. In 
this period the amount eroded from the surface along these 
800 miles probably has not averaged more than two or three 
feet, its total section therefore being represented by about 
two- fifths of a square mile. 

These approximate measures of the denudation along the 
international boundary during the successive divisions of time 
since the Cretaceous period seem consistent with the estimates 
presented in my former paper, that the duration of the Terti- 
ary era was probably between two and four million years; of 
the Lafayette period, between 60,000 and 1 20,000 years ; of the 
Glacial period, perhaps 20,000 to 80,000 years ; and of the 
Recent period, between 6,000 and 10,000 years. 



INTERRUPTION DURING THE DEPOSITION OF 
THE BURLINGTON LIMESTONES. 

Bv Francis M. Filtz. Burlington. Iowa. 

The lithological characters of the different strata of the 
Burlington limestones are quite generally tHie same. Even the 
upper division does not differ materially from the lower. Of 
course some of the hi^^ers are more compact than others, a few- 
even being massive and crystalline enough to resemble mar- 
ble. Yet whether massive or not they have a common origin. 
They are all crinoidal. With the exception of a very few lay- 
ers you could scarcel}' find a cubic inch of rook that does not 
plainly show its crinoidal origin. Between the beds of lime- 
stone are found a few layers of shales, clays, etc., but they 
form hut a comparatively small part of the whole. 

It has generally been conceded that the deposition of the 
whole Lower Carboniferous group in southeastern Iowa was 
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uninterrupted. I quote from White, Geology of loiKii^ M<70, 
V^ol. I, page 202 : *'The aceumubUMMi 4vf the strata of the sub- 
CArbottileriWMiproup in southeastern Iowa, from the Lower 
Burlington limestone to the St. Louis limestone inclusive, was 
evidently uninterrupted." And this seems to have been the 
generally accepted belief. I question the truth of the state- 
ment and think evidence can be furnished to show that there 
were disturbances and cessations of deposit within the pe- 
riod indicated. It is quite probable that there was some dis- 
turbance at the close of each of the subdivisions; but the 
instance I shall bring forward occurs well within the limits 
of one of them. 

Kvidence of disturbance and cessation of deposit is three- 
fold, viz. : more or less abrupt changes in fossil forms, change 
in lithological characters, and erosion with consequent uncon- 
formity. At present I shall confine myself exclusively to the 
last mentioned evidence, although elsewhere* I have given my 
views on each of the three and discussed their hearing on 
each other. 

Almost everywhere in the vicinity of Burlington, where the 
upper division of the Burlington limestone is exposed, there 
occurs, somewhat below the middle, a stratum of heavy bed- 
ded white limestone about 6 ft. in thickness. Generally un- 
derlying this there is either a thin stratum of blue clay or 
a yellow sandy limerock. Immediately overlying there is 
uniformly found a bed of lough blue shale. The abrupt 
change in the lithological* character of the deposit, coupled 
with a somewhat marked change in fossil forms, led me to 
believe that there must have been some disturbance and possi- 
bly a cessation of deposit. This belief was strengthened by 
the fact that the surface of the linn^stone at various places 
exhibited a somewhat water- worn appearance. 

In the southern part of the city limits of Burlington, at a 
locality known as ''The ('ascade,'' there are several quarries 
in which nearly the whole depth of the Tpper Burlington 
limestone is worked. The massive white layer spoken of fur- 
nishes a goodly part of the rock taken out It was in one of 

*PaiHT rrail jit th»' nn*«'tinL' <»f th«' Iowa .\<*a(l«'niv of Seimcr. Drcvni- 
bvr 2«J and 27. IH1»:{. 
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Tilt Ciiscuik- riivini- is about half ii mile iii length iind en- 
tern the Mitisiiiiiippi river at right tingles. . About iine-foiirth 
(if a mile Imek from the iiiniith of the ravine these ijuarries 
iieeur. One of tliem is on the south bank and is i«itntit«d i»n 
both sides of a short, hut devp lateral ravine, the bottom of 
whieh ip rieviTHl feet l()wer than the liitrtitum of white linie- 
Hlone. In working otF tin- eiirner between the main and Ut- 
enil ravines the wliit*- limestone luyer was found to be much 
eroded wnd the blue shale wan uniformly deposited directly 
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[Tl>r whiti< pHtolin in llir- uliilp Hro mlrki miidfl hj tha iiDarrjmaii's pick. I 

Upon the water-worn snrfnee. and <-onfflrming to nil of itx ir- 
regulHrittes and ine<|ualities. The erosion is lateral more thRii 
vertical and the ineipialities are i|uite abrupt, one beneh 
amounting to fully two feel : and yet the blue shale covers 
tliis without a break. The shale is itself capped with fairly 
well-bedded limestone. The contact of the shale with the 
limestime is well shown in the iiccotupanyiiif: figure. 

This is direct cviilciu-e of erosion in the lirsi half of the 
I'jipcr Burlington cpoeli. An interesting fmt which necessa- 
rily fi)Uows is that tile lu-eseiil system of driiiiiiigc must have 
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had its origin at that time. The position of the eroded sur- 
face of the limestone and the inclination of the directly super- 
imposed strata both seem to indicate that the lateral ravine 
had its beginning at that early date. Of course the principal 
ravine must have existed to furnish an outlet. Along its 
banks the white limestone layer is not exposed, being covered 
with a heavy mantle of drift. In all the quarries worked at 
this point the upper strata show a decided dip towards the 
main ravine, which goes to confirm the theory as to the early 
origin of the drainage system. 

At other localities in this county I have noticed evidence of 
erosion, but in no case was it so pronounced as in the instance 
just given. I expect to find further evidence of disturbance 
in the line of unconformity. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Thf JjOitrr SHurinn Ijitiwllihranchuita of yfinncMotn. \\\ K. O. I'lkicii. 
(Chapter VI <»f voliim** iii nf t]i»» Final Kept., (»«*()!. and Nat. Hist. Siirv«»y 
of Minn., pp. 4T5-«2S, plat*'s :i5-42: .lime !«», ISlll.) The strucliire and 
atflnities of the earlv Paheozoic lamellibraiichs havp been but meajrerlv 
e.vploiU'd. The stii|M*ndous work of Harrande ii|)oti these and later 
forms of the liohemian Palieozoic has ixThaps overwhelmed as much as 
aid<'d students i»f other Silurian faunas, and as far as {lertains to the 
American s|)ecies Mr. Tlrich has had a fair field, a ma^^nificent opfMir- 
tunity. and has ac(iuitted himself admirably and with sij^nal credit lo 
the (ieolo^ical Survey of Minnesota. 

After a few Instructive intnKluctory pa^es on the ^^eneral relations, 
nomenclature and preservation of these fossils, the author ^ives a scheme 
of classification for all Pal«*o/.oic jrenera(in which, however, we obs«'rve 
none of those intr(Mluced by Freeh and Whidborne). Then follows the 
systematic part of tlw work, the principal innovations of which we 
briefiy notice. 

The familiar )i\'\n\s Ambonyrhin, Hall, usually construed fmm the well 
known form A. nidmta Hall, is here strictly limited to shells bavin;; the 
structure of th»' t>iM*. .1. heliottruifa, that is, without iatiTal teeth or bvs- 
sal oiHMiin^ and with an internal anterior lobe set off by a thin vertical 
internal plate. 

Clionyrhm, VIrich (ty|M*. Ainbimychia bimrlbMn Hall), is an elementary 
form without cardiiuti or lateral tet'th or the vertical plate of Ainbony- 
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Bytnutnyrhia, nov. (tyix', Ambonyctiui radUita Hall), i)«>sst»ss**s a byssal 
o[K'nin||r and bf>th cardinal and )at<*ral teeth. 

The fs^i^xxxxf^ ModioUtpiOH, Hall, israrefnily restricted and itsclose jreneric 
relation t4) the Devonian Modiomorpha {Hiinted out. 

Eurymya, nov., is founded U|K>n HalTs 8i)ecies Modiolopiris pfana, and 
IK distin)?ui$hed by its posterior ala ami striated li^amental area. 

Actimtmyiu chanj^ed in the errata to W/ntearettia, nov. (ty|)e, MmlUtlopnU 
cincinnatie^iHiM Hall and Whitfield), bears surface radii, is without canli- 
nal teeth, and has a short li>camental j^roove on each side of the beak. 

M*>diolodoft , nov. (tyiM», ModiohrpniH ociformU VIrich). is similar to M*^dw- 
topfris, but has cardinal teeth on each valve, 

Colpomyn, nov. (ly|Ms C. rontttnefa nov.), has the external form of M*Hfi- 
ohpfOM, but iH)S8esses a stronj( rostral ttK)th-like process in each valve. 

Arutterflfa, nov. (tyiw. A. uitidula, nov.). Similar to Artimnnya, except 
in it.s inequal valves. 

Kndode^ma, nov. (tyiM*, K. rfmeatftm, nov.). These are ventricose but 
edentulous shells with well defined lunule and extremelv faint musc*ular 
scars. 

Pnlofohcha, nov. (tyi)e, P. grandiM Tlrich), embraces elongate, com- 
pressed shells with edentulous hin>re and linear liKamental j^nMive. 

I^rohbelia, nov. (tyix* P. tttrUttnla^ nov.). The author considers <.'<m- 
rad's Aricnhi frentm^fi^'^i n member of this new ^enus, but this is a 
s|M»cies which Jackson has placed amon^ the probable memb«»rs of his 
Kenus H/iornbapterut, the jreneric radicle of the aviculoids. 

WhitelUi, ririch (ly|H' W. obliquata Tlrich); short, ventricose shells 
with prominent umbones, sharply defined escutcheon, andtw<ito five 
oblique teeth in front of the beaks. 

PletfuH'itrdia, I'lrich (type, /*. iimhonata ririch): tumid shells with en- 
rolled beaks. "A strong and larj,fe process projects forward and down- 
ward from the underside of the hinjre l)eneath the beak of each valve/* 
and the shell bears a strtuijr linear lateral t<K)th. 

<^Y/7J*/</o////j, Salter (a name \vhich the author ado^its in prefen-nce to 
HalTs earlier term TeUiiunnya), is divided into six jrroups, desijrnated not 
by subjreneric terms, but by the names of characteristic species. 

AUttdenma, I'lrich (ty|M'. Modiohpnij* MubMpticum Ulrich), is applied to 
small shells with anterior beaks, strong anterior adductor scars mar- 
jyrined within by an elevated rid^e. hin^e with cardinal, |H>sterior lateral, 
but no anterior lateral teeth. 

Rhytiinyn, nov. (tyi>e, li. prodarta, nov.). is rejrarded as a pholad and 
allied to P/toladrlbt, Cvuitaria and AfhHftma. 

Siiffordut, nov. (tyin*. S. r^ntntlift, nov.). Small shells similar to tJratN- 
myttia, with sharply defined lunule and very larjre external ligament 
|yrn>ove. 

The total number of sjiecies described is I'M), divided as folktws: Am- 
fMfftyr/tia 4, (^Wmychia .'». Bynnouyrhia ti, ModiobtpMiH 11. Kurymya 1. Arti- 
uomya {Whitearenia)"!, Orthifdenma A, }fodudodon '2. Coipomya \, Arvttrr- 
elbi 1. EndodfMma Ti, Pttihconrha 1. I'rotobflUi 1, Cyrtitdonta KJ, Vannxemin 
!.•>. Mttthrriii 1. Whitella 12, Pirt/tocardvt 2. Vtehodoutu 'iti, ('fid(yj)hi>ruti 2, 
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Lyroffesinn li. Tec /t nop ho run 4, AlhtdeMftM 1, Rhytimya 1, Cunramyn 2, 
t*i)hetmUum 2, Sttfordm H. 

One cannot but admire the HSlutenesw of observation manifested 
tliroii^hout in the treatment of the subject-matter, and appreciate the 
service rendered by the author toward a better comprehension of these 
fossils. The ilhistrations are in photo-enjrravinj:, but are eminently 
satisfactory. •'• M. v. 

Thr Iron-bearing rorkn of the Mettnbi Hanye in Minnenota. H.>' ,\. Kd- 
WARD Spruit, pp. VIII. 2(58. 'With 12 plates and 22 figures in the te.vt. 
(Bulletin No. 10, (Jeol. and Nat. Hist. Survey of Minnesota, MinneaiKiIis. 
181M.) This monograph is by far the most im|K)rtant contribution so far 
made tothe jfeology of this recently discovered lake Superior ir«>n ore dis- 
trict. The result of only one year's work in the fiehi and laboratory, it 
contains some new facts bearing on the genesis of these iron ore de|N)s- 
its and many suggestive ideas applicable to iron *»res in general. 

To the student of the geology of lake SuiM»rior iron ranges the most 
interesting iMirtion of the bulletin is that which g(H*s t<> prove that the 
original form of the iron on* was not a carbonate of lime and iron min- 
gled with m«>re or less silica — the cherty carlxmate of Irving and Van 
Rise — but that it was a ferrous silicate and that the cherty carbonate 
is in all instances an alteration prtxluct from this silicate and only 
one stage in its change to the final form of oxide of iron. 
Still more interesting is the suggestion that this ferrous silicate was in 
all pmbability the product of Foraminifera and existed as the mineral 
Vlauconite. The chemical analysis and i)etrographical study of the irt»n- 
bearing rocksseem to harmoni/e in sup|N)rt of this view, which, althouirh 
not entirely original as an explanation for jKisslble iron on* deposits, is 
yet new in its application to any particular de|iosits of great extent and 
es|x»cially in rocks of such great geologic antiquity as those of the Me- 
sabi. It must be admitted that the demonstration will not be complete 
until the actual discovery of organic remains, liut the author is jwr- 
hai>s deserving of so much the more credit for working out so strong a 
case iM'fore the discover>' has Ijeen made. 

The stratigrai>hy of the Mesabi is found to be substantially as given in 
the Twentieth annual rejHirt of the Minnesota Survey. (Vrtain faults 
are described in the central |H)rtion of the range which had not been 
I»reviously noticed and for the existence of which the evidence given 
d(H*s ncd yet app<Mir to Iw conclusive. The author argues that the ore 
deiK)sits have betMi produced along lines of fractun* and weakness, and 
l>ecause he finds ore deiM»sits in a certain locality he straightway assumes 
tin* presence of a fault plane there, and explains the accompanying phe- 
nomena accordingiN . 

The different phases of the iron-tH*aring nnrk and their transition 
from one t*» another are described with such elaborate fullness as to b«* 
rather confusing to any but a careful reader and student of the text: but 
it is in such full statements of the evidence that we find the basis for 
the conclusions drawn as to the original nature of the rock.s. 
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Undue stress seems to be laid u|K)n the idea that none of the banding 
of the iaconytre is due to sedimentation. It is admitted by the authtir 
that the nwks were \vater-de|K>sited — chemical and mechanical — and it 
wouhl be extremely surprising: if all the banding' now so beautifully dis- 
played in the ore and rock alike were due to secondary set^re^ation 
and none of it to the ori<rinal separation by specific jjravity or the con- 
tingencies of sedimentation. 

The specimens examined by the author exhibited a smaller i)ercent- 
aj?e of fragniental material than would be exjH'Cled from a macn)scopic 
examination. Indeed, it is difficult to conceive that tlie taconvte with 
a thickness of 800 feet can be so completely due to chemical deiM>sit!on 
as our author would have us believe. 

The ore deixisits are believed to owe their existence to chemical solu- 
tions which f)ercolated from the surface downward. The rules deduced 
are that in regions of comj)aratively free oxidation chalybeate waters 
dep«>sit iron and remove silica: while in regions of scant oxidatiim silica 
is deposited and iron is carried away in solution. The principal solvents 
are believed to have been oxyjren and carbonic acid, with sulphuric acid 
and alkalies as secondary r«»a>feiils. 

Plates X. XI and Xll an* double-jiajfe maps, showing lh«* geology and 
topography of the central |K>rtion of the Mi'sabi. The area occupitnl by 
the various rock formali<»ns and the location of the ore b<Kli<-s alread\ 
found are shown quite accurately. Th«'se maps furnish the best guides 
for future explorations that can be found, but the report itself is i<m> 
t'*chnical to be of use to the ordinary pros|M'ctor. 

As a geological study of the range, this n*iM»rl is of the highest value 
and reflects gn*at credit u|M»n its author. ii. v. w. 

Tfu nirktl ortn of Smlbnry, Canddn. IK .loiix I). Fkoss.\iu). pp. 01, 
(Jeo. Philip and S«)n. Lon<lon. 189.*i. Chiefly a compilation from vari 
ous articles on the subject without discrimination as to their \alue and 
accuracy, this little b<M)k presents litth* new information. Its clil«'f 
merit lies first in its practical data n*f«»rring to ilie average cost of pn»- 
duction and ({uality of ihi' ore at Sudbury, and si'cinul. in the fact that 
it is a sort t>f a little monograph on nickel ores in general. It is a S(» 
useful ill giving references \u the literature from which more detailed 
and exact information may be gained. ii. v. w. 

Mining lioi/attifM, t/ieir pntrfirai opf ration and fffed. \K\ ('has. A. 
.Iamkh. pp. *i77, Longmans, (Jreeii A: (\).. Lirndoii and New York, 18SKJ. 
As stated in the preface, this essay is based wholly on the various vt»l- 
iimes of evidence published by tlie Uoyal Commission on Mining Royal- 
ties of Ureal Britain: and the royalties referred to are chiefiy those paid 
tA» the owners of coal mines. The ri*lation of the fee-<»wner to the lessei*. 
that of n)yalties t4) strikes and wages, and their efr»»ct on comiM'titioii 
with other countries, together with many kindred subjects, are discusse<l 
from the English .standpoint. Although not directly api>ertaining to 
this country, the volume is interesting to tin* student of lal>or ipiestions 
so far as the\ alfect the iniieT. and gives a concise > iew of how such 
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<|iirstions aro considf^red In England whoreso much mon* oxiM^rienc** has 
betMi acqiiipiHl than in America. ii. v. w. 

On the Origin nf certain Niprnculite*( and Quartzite^. Hy Frank Hut- 
ley. (Quart, .lour. (ieol. 8oc., v<»I. l, pp. :{77-3J)2, pi. 11), Aujr.. 1894.) 
Tho author shows the possibility of tin* deprivation of som»' f1ne-j?rain»'d 
(|uarlzit«»s and of the novaculitos of Arkansas, so well known thn)Ufch 
Mr. L. S. (iriswold's "Whetston<'s and N(»vaculit<'s of Arkansas," from 
limestones by siliceous replacement. The irrejjular and rhomb-shaped 
cavitfes in these rocks represent crystals of a rhombohedral carbonate, 
probably doiomit(\ and Mr Kutley regards them as the remains of part 
of the original rock, in this case the replacement of the carbonate by 
(piart/ being not entirely completed. This explanation of the original 
nature of the novaculite differs from that of Mr (iriswold. who regards 
the quart/, as original. The same or similar apparent replacements of 
limestone by (piart/ are seen in other nwiks, often of Cf»arsi*r grain than 
the novaculites. Mr. Kutley thinks that it is needful to separate the n»cks 
termed (puirtxites into two groups, including in the one indurat(>d sand- 
stones or true quart/it<'s ("detrital quartzites"), and in the otlH*r the 
siliceous replacements of limestones which at times simulate detrital 
<piartzites; the latter can Ix- called "infiltration or melasomatic (piartz- 
ites." I', s. «. 

Wiilyaiiiite — // Xeir Mineral from Broken Ililf. \^y K. V. Pittmax. 
(Records (ieol. Survey, X. S. Wales, v<ij. iv, pt i, pp. 21-2-2. 1894.) This 
mineral is a sulph-anlimonide of nickel and cobalt, with the formula 
CoSj. CoSb2 : Ni S.2. Ni Sb2. It is isometric in crystallization and isvrry 
similar in its physical proiM>rties to thesulph-antimonide of nickel, ull- 
mannite. Two analyses nrv given and each shows that nickel and c<»- 
balt are present in approximately equal amounts (t»ver V.\ |)ercent.). thus 
justifying its separation from ullmannite. v. s. «. 

PaperM and Note* on the Glacial Geology of Great Britain and Ireland. 
\\y the late Henry Carvill Lewis; edited from his unpublished MSS. 
t»y Henry W. Crosskey. Pages Ixxxi, 4(59. 8vo, with ten ma|>s, and 8:^ 
illustrations in the text, (l^ondon and New York: Longmans, (ireen, and 
Co., 18iM.) This magnificent volume is the fulfillment by Mrs. Lewis of 
her husband's dying re(|uest, that the notes of his glacial observations 
in Ireland and (ireat liritain should be published, with the aid. in edi- 
torial revision, of his friend. Rev. H. W. ('ros.ske\ , wln» alst» has since 
die<l. (Ft>r a biographical sketch of Prof. Lewis, with a -n'view and a 
bibliography of his scientific work, se<i the Amerk an (Jeolooist, vol. 
II, pp. H71-:n9, with portrait. Dec, 1888: and for an obituary notice of 
Dr. Crosski'y. vol. xiii. p. 75. Jan.. 18JM.) The work has been very care- 
fully edited and places on record for all students of glacial geology the 
observations and opinions of a most enthusiastic, industrious and suc- 
cessful investigator in that Held, where he reai^Ml much and well, al- 
though taken from us while yet his plans and hofn'S were o|MMiing with 
promise <»f more abundant fruit;ige aft^^r years of further exploration. 
Attempting to state very concisely some of the chief points in which 
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Carvill f^owis contributed to mon» full and true iiiterprt^tution of the 
drift formHtions of liritain, in the lijfht of his previous work iu the 
United States, we note the substitution of ice transjxirtation instead of 
marine submergence to account for the drift with fragments of many 
species of sea shells at pr<»at bights on M<m»I Tryfaen and in other locali- 
ties: exact tracinjr of the Ixjundaries of the glaciation; the recognition 
of many an-as of ice accumulation and disiM»rsal of boulders: that the 
Scandinavian ice-sheet extended to Kngland, becoming continent with 
the British ice-fields; doubt of interglacial eiH)ch8: and the discrimina- 
tion of till formed beneath the ice, moraineson its margin, and boulder- 
clay, supiKwed to have been bt)rne by tloe and berg icfr' beyond the bor- 
ilerof the ice-sheets on the surface of large extra-morainic lakes. The 
whole work will be of great value in stimulating further investigations 
of the many and difficult (juestions which still remain to be altogether 
convincingly answered, so that at length a general unanimity of view 
shall Ik» reached concerning the origin of the glacial deposits and the 
causes of glaciation in the British Isles and in all other drift -bearinjr 
regions. w. r. 

The Mihrral RettourctK of the United States, VaUndar year JStU. David 
T. Day. Pages vii, 7m»: Washington. 181)4. (U. S. tieol. Survey). This 
volume appi'ars with unusual promptness, probably under the stimulus 
of competition with *'The Mineral Industry," published by the Scien- 
tific Publishing Co.. of New York, of which a notice api)«»ared in th»» 
last number of the (iKOLOgist. This is, in the main, of the same char- 
acter and .sco|x» as the nine preceding re|K)rts from this department of 
the survey. The statistics which it presents are obtained from the 
most reliable .sources, and the various mining pro<hicts are reviewed 
separat«*ly by statistical experts. The chapters on jM^troleum, natural 
gas and a.sphaltum are es|H*cially full and valuabh*. n. ii. w. 



RECENT PUBLICATIONS 



[. (ioreritment and State Report h. 

Pennsylvania (ieological Survey. 181KJ. Atlas Summary Final Ke|iori. 
contains: M^jw <>f the state, bituminous coal mines and (piarries, I^»b- 
anon. Bucks and Montgomery counties. 

Pennsylvania (ieological Survey. 18JKi, Atlas contains: (i(>oI<»gicaI ma|Mi 
of Schuylkill, Carbon. Berks and Dauphin counties; to()ographical map 
of the Blue mountain at Port (-linton. 

Annual Report of the Smithsonian Institution, for 18U2, contains: Thi» 
relation of biology t<i geological investigation. A series of essays di.s- 
cussing the nature and scientific uses of ff»ssil remains and the necessity 
for their systematic c(»Ilection and i)ermanent conservation in public 
museums, Charles A. White. 
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U. 8. Gc^ological Survey. Mint^rHl resources of the rnited States. 1S03, 
by David T. Day; 181M. 8v(), pp. vii, 7m>. 

//. I^or^rdingn of Stirntifir Soriffifit. 

Proceed iiijiTS of the Academy of Natural Sciences of Pliiladelphia, 
1894, pt. 1. contains: Observations on the jjeology of adjacent parts of 
t)klahoma and northwest Texas, K. D. CofK'.* Ue-exph>ralion of Hart- 
nian*s cave, near Stroudsburj?, Pa., 189H, H. ('. Mercer: Volcanic pro- 
ducts from the Hawaiian islands, K. (ioldsmith. 

The Journal of the Cincinnati Society of Natural History, vol. 17, No. 
1, April. 1894, contains: New s|M'cies of fossils from the Hud.son Kiver 
irroup and remarks u|»on others, S. A. Miller and C. L. Faber: The |M*t- 
Hflod forest of Arixona, S. A. Miller: The j^rani^es of Cecil county in 
northeastern Marvland, U. P. (Jrimslev. 

Pnxjeedinjrs of the Alabama Industrial and Scientific Society, vol. 4, 
No. 1, 1894, contains. Analysis of limestonys and dolomites of the Bir- 
mingham Alabama district. C. A. Meissner: On the phosphate rock of 
Tennes.see, \V. H. Philli()s. 

Proc. and Trans. Nova Scotian Inst, of Sci., 2nd ser., vol. 1, pi. :{, 
contains: Notes on the Miocene Tertiary rocks of the Cypress hills. 
Northwest Territory of Canada, T.'C. Weston: The Pictou coal field — 
« geological revision, H. S. Poole. 

Proc. of the Iowa Acad, of Sciences, for 189JJ, vol. 1, pt. 4, 1894. con- 
tains: On the geological position of Bennettites daroteturtM Macbride. with 
remarks on the stratigraphy of the region in which theR|)ecies was dis- 
covered, Samuel Calvin: Notes on the l<»wer strata of the Devonian se- 
ries in Iowa, W. H. Norton: Cretaceous formations of northwestern 
Iowa, C. R. Keyes; Derivation of the I'nione fauna of the Northwest, C. 
K. Keyi's; Process of formation of certain (piartzites, C. K. Keyes: Ori- 
gin of the pre.sent drainage system of AVarren county, .1. L. Tilton: 
Structure of the Mystic coal basin, H. F. Bain: Sigourney deep well, H. 
F. Bain: Southern extension of the Cretaceous in Iowa, K. H. Lonsdale: 
Tojwgraphy of (he granite and |K>rphpry region of Missouri. E. H. Lons- 
dale; Occurrence of zinc in northeastern Iowa. A. («. Leonard: Satin 
i*par from Dubutpie, A. (1. Leonard: Occurrence in hiwa of fossilifemus 
concretions similar to thos«* of Ma/on creek, \. C. Sp«Miser; Evidences 
of disturbance during the de|M>sition of the Burlington limestones, F. 
M. Fultz; Coal Measures in Poweshiek county. A. .1. Jones: Cardutcnr- 
putt in Iowa, A. J. Jones; North American cycad.s. T. H. M*Bri<le, 

in. Papern in Stientific JonrnalH. 

The Journal of (ieology, vol. 2, No. 4, May -June, 1894, contains: The 
Norwegian coast plain, Hans Reuse h: Glacial cailons, W J McGee 
Fossil plants as an aid to geology, F. H. Knowlton: Wave-like progress 
of an epeirogenic uplift, WarrtMi I'pham: The occurrence of Algonkiaii 
rocks in Vermont and the evidence for their subdivision. C. L. Whittl**: 
Summary of Pre-Cambrian North American literature, C. R. Van Hisf. 

The Journal of Cie<»logy. vol. 2, No. 5, July-Aug., 1894. contains: The 
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Drijrin of thr oldfsi fossils and tho disco\<*ry of th«' bottom of tho oceHii, 
W. K. Hr(H)ks; Tin* AmazoniHii I'pimt C'Hrbonift»roiis fauna O. A. iVrby: 
(i«H)lojficaI surveys of Ohio, Kdward Orton: Pro|M)s«'d jri-netic classiHca- 
lion of Plfis(ort»n<' jjlacial formations. T. ('. Cliambvrlin. 

Tin* American .lournal of SciiMico, III, vol. 48, No. 1, July, 18JM. con- 
tains: Occurprnce of a lap»r«' art'a of npph<*lint» sy«'nitf in tlu' t4)wnshi|> 
of I)nn>^annon. Ontario, F. I). Adams: N4'phelin(% s<Nlalite and orthtH 
clase from tin* n<'ph<'lin»^ sycnitf of Dun^annon. Ontario, 1^ .1, Harrinjf- 
ton: T«'rtiary chan^«»s in tin* draina^^c of south wostt^rn VirjifiniH, M. R. 
Campbi'll; ri>|M'r Vlcksburj? Kocen^ and tlu' C'hattahooch»M» Miocem' of 
southwest (»<'or»ria and adjafcnt Florida, A. F. F<M»rstc': (iabbros in th»» 
southwest Adirondack n'jrion. ('. H. Smyth, Jr.: F<M>iprints of verte- 
brates in the Coal Measures of Kansas, O. ('. Marsh; Typical Ornitho- 
|KKla of the American Jurassic, O. ('. Marsh: Kastern division of the 
Miohippus beds, with notes on sonie of the characteristeric ftnisils, 
O. C. Marsh. 

Tlie Amt^rican Journal of Science, III, vol. 48, No. 2, Au)f., 1804, con- 
tains: Certain astronomical conditions favorable to ^laciation, (». F. 
Becker: MineraloK'^'Hl notes, S. L. Penfield: Alunite from Red Moun- 
tain, Ouray county, C^ilorado, K. H. Hurlburt: M inera logical notes, S. 
L. Penfleld and I). A. Kreider: Carboniferous fossils in the Norfolk 
county basin, J. H. W<M)dworth: The strati^raphic {tosition of the 
Thomson slates, J. K. Spurr: Miocene Artio<lacty^es from the eastern 
Miohippus beds. O. C. Marsh. 

The Sch(K>l of Mines Quarterly, July, 1894, contains: The optical rec- 
ognition and economic importance of the common minerals found in 
building stones, L. McI. Luquer: On the occurrence of Cretaceous clays 
at NorthfM>rt, L. I., Heinrlch Ries. 

JV. ErrerpiK and Individual PnbUrationn. 

On some new forms of wollastonite from New York slate, Heinricb 
Ries. Trans. N. Y. Acad. Sci., vol. K^, pp. 140-147, 18114. 

Note on the |M'tr(»jj:raphy of certain basaltic boulders from Thetfortl, 
Vl., K. O. Hovey. Trans. N. Y. Acad.Si-i., vol. i:j, pp. 1«1-1(M. 1894. 

A comparative study of tin* chemical behavior of pyrite and marca- 
site. A. P, Brown. Phk*. Amer. Philos. Soc, vol. WW, 18JM: pp. 11). 

Some New Red horizons. B. S. Lyman. Proc. Amer. Philos. Soc., vol. 
:a, pp. 192-21."), 1804. 

The mineral industry, its statistics, technolojry and trade in the I'ni- 
ted States and other countries. By Richard P. Rothwell. Pp. i-xl. 1- 
WM: New York. The Scientific Publishing: Co., 1894. 

Further notes on Cripple creek ores, Richard Pearce. Proc. Colo- 
rado S<*i. Soc, Apr. ."), 1894: 7 pp. 

The sanitarv chemical character of some of the artesian waters of 
IK-nver, W. C. Stronjj. Proc. Colorado Sci. Soc., May 7, 1804: pp. 

An analysis of jadelte from Mojiounjr, Burma, O. C. Fnrrinjarton. Proc. 
r. S. Nat. Museum, vol. 17, pp. 29-:n. 1894. 

On the formation t>f stalactit«'S and gypsum incrustations in caves, (■. 
P. Merrill. Proc. W S. Nat. Museum, vol. 17. pp. 77-81, pis. 2-.\ 1804. 
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Th«* formation of sandstone concretions, U. P. Merrill. Proc. U. S. 
Nat: Museum, vol. 17, pp. 88-8J), pi. 0, 1894. 

Notes on the invertebrate fauna of the Dakota formation, with des- 
cripti<ms of new molluscan forms, (\ A. White. Proc. I*. S. Nat. Mu- 
seum, vol. IT, pp. 1H1-1:J8, pi. 7, 18«4. 

Ancient myria|KHls, (i. F. Matthew. Canadian Record of Science, 
pp. m-m, April, 1894. 

Historical sketch of the disc<»very of mineral d<*|)ositsin the Lake Su- 
jM'rior re>rion, H. V. Winchell. Second Ann. Kept, of the Pn)c. of the 
Lake SuiK'rior Mining Institute: 40 pp., 181)4. 

A review of the fossil tlora of Alaska, with descriptions of new spe- 
cies, F. H. Knowlton. Proc. V. S. Nat. Museum, vol. 17, pp. 207-240, 
pi. y, 18JM. 

(Jeolojfy of the Cripple creek K*>hl mininj? district. Colorad(», Whitman 
Cros.s. Proc. Colorado Sci. Soc, .huu* 4, 1894: 18 pp. 

The ore deposits of Cripph* creek, Colorado, K. A. F. Penrose, .?r. 
Pr<K*. Colorado Sci. Soc, June 4, 1894; 5 pp. 

A classification of economic geolojrical de|K)sits based on origin and 
original structure, W. O. Crosbv. Technological Quarterly, vol. 7. pp. 
27-48, April, 1894. 

The origin of parallel and intersecting joints, W. C). Crosby. Tech- 
nological Quarterly, vol. «, pp. 2aO-23(», Oct., 189:i. 

The new g«H)logical cross .sections of Keweenaw ix)int, L. L. Hubbard. 
S*'Cond Ann. Kept, of the Proc. of the Lake Sujierior Mining Institute: 
18 pp., 1894. 

The hydro-geology of the up{H*r Mississippi valley and of some of the 
adjoining territory, I). W. Mead. Journ. of the As.sociation of Engi- 
neering Societies, vol. KJ. No. 7, pp. :J30-:^J. July, 1894. 

Inscription of some Cincinnati fossils, S. A. Miller and C. L. Faber. 
Journ. of the Cincinnati Soc. of Nat. Hist., vol. 17, No. li, pp. 137-158, 
pis. 7 and 8, Oct., 1894. 

V. I^oceedinyn of Scientific iMlMyrntaricM, etc. 

The Kansas Cniversily Quarterly, vol. 2, No. 1, July. 1894, contains: 
Vertebrate remains from the lowermost Cretaceous. S. W. Williston: A 
new turtle from the H^Miton Cretaceous, S. W. Williston: Notes on Uin- 
taerinu^ nocialin Grinnell, K. H. Hill: Restoration of Platygonus, S. W. 
Williston; A chemical examination of the waters of the Kaw river and 
its tributaries, E. H. S. Hailey and K. C. Franklin. 



CORRESPONDENCE. 



Note on thk (Jkolook al Map ok the State ok New York. In the 
"•Twelfth Annual Ke|R)rt of the State Ge«)logist for the year 1892," Al- 
bany, 1893, we read at p. 28. that in tht? geological map published in 
1842. by th»' (Jeological Survey, "no attempt was made to reprewnt the 
age and relations of certain of the formations on the east side of the 
Hudson river." On the contrary, all the thn-e thousand cc»pies distrib- 
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iited repri'sciit the hjl'c and n'lations of all tho formations on the east 
sidi* of the Hudson river as "Hudson river jfroup or Ijorraine shale" 
above (he ''I'tica slate," with lonjf bands and isolated patches of Tren- 
ton limestone, called on the map "Black River and Birdseye limestone/* 
so the statement is incorrect. 

At p. 29 we read: "At a later i)eriod, 1844, Prof. Kmmons published 
an agricultural and ^(M>lo^ical map of the state to accomp>iny his agri- 
cultural report. This map was published u|)on the same base as the 
original ^eolo^rical map of the state. The coloration was almost pre- 
cisely the same on all parts of the map west of the Hudson river. From 
the northern limit of the state and the adjacent part of Vermont, ex- 
tending along thi! east side of the Hudson river and crossing to the west 
side below Khinebeck, a belt of color was intrixluced to show the sup- 
posed limits iif the 'Taconic system* of rocks, although no mention of 
the name is made nor any indication in the colorlegendof the map. The 
map, however, is fully described t>n page *MS\ of volume I of the *Agri- 
culture of New York.' A description and discussi(»n of the rocks of the 
Taconic system and of its individual members occupies chapter five, 
pages 4.")- 112 of the volume. Since 18^ thin map han been the only geologi- 
ciilmap iff the tttate of Netr Vnrk' arrejtidhle to the ntudetit and Ut the pubHe.'" 
The italicising of the last paragraph is mine. 

Dr. Emmons, in a published letter (Proceedings American Academy 
Arts and Sciences, vol. xii, ji. 188. Boston) says: "I made and pub- 
lished with my UeiH)rt while in the Survey of New York a modified map 
of the state, which showinl the extent (»f the Taconic rocks in New York. 
The three- thousand copies wen? stolen or destroyed by persons un- 
known, so that they were nevtrr issued with Ihi' pro|M»r volume." So, 
instead of being //^vvWA/r. the geological map showing the extent of the 
Taconic system in New York wns inaereMxible. even to its author, profes- 
s<»r Kmmons. Lyell. de Verneuil, Agassi/., colonial .lewett. Barrande. 
etc., never saw it. No student of the geology of New York ever saw 
that map until about 18TT. when a few mutilated copies began to b«» 
di.stril>uted bv (he state librarian at Albanv. 

Instead of being accessible to the student and to the public, as it is 
claimed, the map of 1844, paid for by the State. disap()ear<'d mysteri- 
ously until *1877, during a (jeritKl of thirty-three years: and during all 
that time ••thi* only geological map of the state of N«*w York accessibh* 
to (he student and to the public" was the geological map of 1842, on 
which all the strata containing the primordial fauna are placed above 
the I'tica slate, (ha( is to say, above the second fauna. 

Mr. .lames Hall, (he s(a(e geologist and s(ate paleontologist, adds, at 
p. 29: "This a f/riru ft H rat and f/eolof/inii mH\) itt Dr. Kmmons, folloMriDg 
so s<N>n after the publication of the state map accom|)anying the re|)ort$i 
of the four geological <listricts, doubtless prevented any immediate effort 
!o secure the means of preparing and publishing a mon» accurate geo- 
losrical map of the state/' How a map unknown and absolutely inac- 
cessible may havj- prevented to prepare and publish a more accurate geo- 
logical map of (he stale of New York is a material im|)ossibility. If an- 
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other map has not y»»t b»M*n piiblisheil.notwithstuiuUng that several times 
one has been announced as being on the point of beinj? issued, it is sim- 
ply because the stat^* geologist is at a loss how t^)deal with his previous 
opinion o{ the non-existence of the 25,000 feet of strata of the Taconic sys- 
tem: for even now, notwithstanding all "our accurate knowledge of this 
r»»gion,"and "that at the present time comparatively little remains to 
be dcme to complete the work" {lor. rit., p. :U). he knows less about all 
the strata east of the Hudson river than Dr. Kmmons did Hfty years ago. 
Cambridgf, MaMt.^Jufw J4, Iftyj^. .Iiles Marcou. 

The Sixth Session of the Intkknational Congress of (Jeolooihts. 
The excursions which were i^nnounced for the two weeks preceding the 
(»lK'ning of the congress were carried through with a fair number of 
particiimnts. The trip over the .lura, managed by Prf»f. (lolliez, with 
the assistance (»f some of his coll(>agues, began on August l."), Wednes- 
day, at (ieneva, in somewhat inauspicious weather, the first ex|M'dition 
being up the Grand Sal^ve, the largest mountain near (Jeneva, from 
which an exceedingly beautiful view t)f the Mont Blanc series can be 
had aiul on which an exce«'dingly bad luncheon is obtained at the r«'s- 
taurant of the Treizf ArbrfM. The weather was rainy and cold and no / 
view was obtainable, though there was no lark of enthitsiastic travellers, 
including one woman. In the evening the president of the council of 
the canton of (Jeneva and Colonel Turitini. the mayor of the city, re- 
ceived at a banquet the projxjsed participants in the congress and their 
wives. That is to say, the wives were invited, and under the impres 
sioii thai others were to be present, one of lhes<? ladies attended, but 
was alone, to hiT gn'at mortification. 

The guests of this august invitation were not remarkable for any par- 
ticular style of dress. Some had dark coats, but the majority had light 
c<>Iored suits and boots which were singularly dusty, considering the 
amount i>t rain which had fallen. Tin* hosts, however, knew what wais 
due to the resiH'ct of themselves and their gu<'sts, aiid their b«'aring 
was irr«'pn>achable. 

Their idea of ilu' s(M*aking part (if a dinner was, however, slightly 
different from that of other parts of the world. After the addn'sses 
of welcome had iM'en made by the governor and the may»>r. the field 
was left free to anyone who chosi* to occupy it without invitation. 
The old Carl Vogt availed himself of this privih'ge and math' a violent 
intransigeant s|M'<'ch. taken good humoredly by the hosts. The room 
was the fover of the (ieneva theat»*r, anti one of the most beautiful of 
its kind in Kuro|H*. having much in common with that of th«« (irand 
(>|MTa in Paris. 

The next day the party «)f .lura students started off on tlu'ir trip, 
for which Ihev had beHUtiful weather. .\ few davs later a similar 
tlinner was given bv th»' authorities of tin* canton »>f VautI and tin* 
ciiv of Tiausannr, the residence of the chairman of the committer on 
organization and th»* pr»*sident of this session, K. Hen»»vi«*r. This 
was giv«»n in the minlrst dining roi>m of the cafe of ihe theater and 
was in all respi.*cts l«*ss imposing than the initial dinner at (mmu'vm. 



2 60 The A m e r ic a )* G e o Ukj in f, October, isw 

X»»vt'rtln»lt'ss the hosts showed appn'oiation of iht* objects of th«' ctui- 
jrress and a in^rfi'Ct hospitality. 

The congress pri>|)er was o|>'ned at 9 a. m.. Tuesday. Aug. 28, in the 
council hall i»f the Polytechnikum, of ZQrich. The published pntc^^t rer- 
biiujt of the sittings of the council lack the hR*al coloring which would 
explain how the pro(H>sitions were accepted. The se.ssion was <>|>ened 
with Renevier, president <»f the committee of organization, in the chair. 
He proiKKS«*d to call over the names of the different countries, and asked 
all the members from those countries to give their names. This very 
clumsy method resulted in the list first given on {{w* pntc^fi rrrboL On 
proceeding l<» tlu' choice of president of the congress, (iolliez named 
Renevier, who at first stated that he outflit not to be exfiected to ask 
for the vole for himself and immediately thereafter gave thanks for 
his election without anv vote at all. 

This was the keynote lo the subs«»nueni pn>ceedings, which includtnl 
the reading of a list of representatives »»f different counlrit's, s«'lecltMi 
by the committee on organization, as vice presidents. The first obsta- 
cle it encounteri'd was from Seftor C'ortazar, who naturally objecttni to 
having Spain and Portugal lumptnl together ami rt'prrnentedby the Pttriu^ 
gH€9f rolniifl Deiyado. This objection b<»ing sustained or at least not 
opix>sed, S«»ft(»r Cortazar was named vice ])resident from Spain and C\»l. 
I>elgatlo from Portugal. 

The next country, alphabetically, was the Tnited States. M. Rene- 
vier (ieclared that there wen* two delegates from the I'. S. (itH)logical 
Survey present, and that, one t>f them having declined the nomination, 
he aske<l the council to ri'commend the other, Mr. Lester F. Ward, as 
the vice president repr«*senting the I'nited States. Then* were thirt<^n 
geologists presi'iit from the I'nited States. The extraordinary |>rinciple 
was then announced that a subordinate tiepartment t>f a government 
said to transact a certain kind of work can, without the knowledge or 
conH**nt of that government, st'ud two repn'sentatives tt» a congress of 
ex|M»rts in that kind of work and can decide betwet-n themselves, 
without reference to the other rt»presentatives fmm the Tnited States, 
which of the two shall be the repn»sentative of the nation from which 
he came. This question is entirely inde|M>ndent of the character of 
the nominee and nothing hert^in contained is intended to n'flect 4»n the 
suitability of the ap|)ointmeiit of Mr. Ward, but the principle is vi- 
cious and entirely subversive of those on which the congress is founded. 
SupjKise. ftir instance, the architect of the capilol at Washington chi>fte 
to send two of his salaried subordinates to an international congre.ss of 
architects, and that thes«* should decide between themselves, to the ex- 
clusion t>f any or all architects who might have formed int(*gral imrls 
of i>ast congresses, who should represent their ci>untry. This piece of 
"diplomacy" is simply a notice served to tin* geological world that 
henceft»rth the congress is simply to be the cr«*alure of the <»fTicia} bu- 
n*aus of ihediffen*nl countries, somi* of wht»se chiefs, having leagued 
together at first to strangle it. without success, are n»)\v content to um» 
it to srrvf their own pur|Mises. 
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Th»* secretaries hiicI tn*Hsurer having been chos«Mi willioiit opiMisition, 
the council proceeded to the order of the day. 

Two former i)residents, Ca|M*llini and Heyrich. lu'inK present, the 
(piestion which should oi)en the session was |K)St{N>n«Hl till the followin/ir 
dav. 

The president then broujfhl up the question of what lan^ruajfe should 
Iw emphiyed, and based u|K»n the action (jf the last council of the congress 
in WashingtcMi the pro|N>sal thattJerman should be admit ted equally with 
French as the language of the congress. M. Kenevier, as presiding officer, 
<listinguished himself in th«* discussion by continually misstating the 
pro()osition which was submitted to vole, and finally d»*claring adopted 
what he pleased, not at all what was decided. Thus the final form of the 
pn)iM)sitioii was that in all oflicial statements or discussions of routine 
work French should \w used. i\T a French translation of what was said 
shall be offered, but that (Jerman should be' admitted for scientific ex- 
|M>sitions. 

The following sections wer<' then cri'ated and their (►fflcerselect<'d by 
the council: 

Skctiox I. (ie^tphyMiqnt, Gtotfkfoniffur, Ueoloyif yentnilf. Presi<lent. 
A. de Lapparent, France; vice president, T. McK. Hughes. Kngiand. 

Skitiox II. Stratiffrnphir et Paliontohgit. President, Albi»rt (iau- 
dry, France: vice pn>sident. K. A. von Zittel. (iermany. 

Section III. Petroffraphu et Minrrahgie. President, Michel-I^*vy, 
France; vice president. P. (iroth, Ci<'rmany. 

Section IV. G^ohffie appUqvee, President, Hauchecorne. (iermany; 
vice president, Posepny. Austni-Hungary. 

Wf4fneMl/if/, Aug. JV. ISU4. 

The first general se.ssion of the congress was held in the aula of the 
magnificent ecole scolain* f<»r females. It is in the upp«*r story, a very 
fine room, showing the rafters, and having decorations of fruits run- 
ning along the ridge and extending in two arms to n'ach it from each 
gable en<l of the building. Ii«'hind the desk of the chairman, where it 
was of light wwkI and C(»vered with gray, coars4'drai)ery, is a large map 
of the region on a scale tif 1:25,000, t4) illustrate the pa|N'rof Prof. Heim 
later. A fine longitudinal section of the Zurich lake bed on a scale of 1: 
125,000 lineal and 1:25.000 vertical is displayed on th«' east wall, while 
on the west (the right of the presiding officer's desk) is a section across 
Zurich lake on a scale of 1:2,0<X) linear and 1:1,000 altitude. At the 
hour of o|>ening, 2 p. m.. then* wen* about 100 |>ersons present. 

('a|M*llini, taking th^ chair, re|x>rted the presidents, vice presidents, 
and secretaries of the congress, and the presidents and vice presidents 
of the sections. M. ('a|M>llini then yields the chair to Ut'uevier, the 
pn*sident, who makes an a<ldress in which he says he is {M'netrated by 
two thoughts, the out* of gratitude for the honor conft'rn'd on him, and 
the other of his insufficiency. He is sun* he (»wes this honor to his reg- 
ular attendance at thr m«*etings <»f tin* C(»ngn*ss. H** was very much 
astonished whrn the cable informed him, three years ago. that Switzer- 
land ha<l been chosen as the site of the next con>rn*ss. and he was at 
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first som»»whHt inlimidHt*Hl, but the little country has done its best. It 
has laid more than usual stress u|N»n the excursions, and it ho|ies that 
the warmth of the reception may make amends for- what may seem 
lacking. Since tjie first congress at Paris in 1878, many eminent geolo- 
gists like Sterry Hunt, S«*lla, Newberry, and recently, (i. H. Williams, 
have died. The j)rimary object of the congrcjss was uniformity, but it 
was pushed t<K) far, and the result was a protest on the part of it« Anglo-^ 
Saxon members, and the reaction in turn has gone too far, and thrown 
the opposition entirely over the saddle. We should seek to unify the 
language and the. methods of the science only, and thus we shall not do 
injury to the science. By leaching a rational and not a traditional ge- 
ology, we shall by degrees attain the end sought. 

The president then introduced M. Schenck, themember of the fcKleral 
council, who addressed a welcome to the congress in a most extraordi- 
narily theatrical manner. Learning that this session of the congress 
was to be held here, the federal council determined that it was an inter- 
national duty to entertain their guests. Everything po^i^ible hiis been 
don«» to make the members of the congress feel at h(>me. He greelini 
the members in the name of the Kundesrath. Their labors were not 
confined to cabinets and laboratories, but extended over a space as wide 
as the world. While this little countrv cannot offer the wonderful ob- 
jectsof the Tnited States, yet for a small land there was much to inter- 
i*st geologists. There is a little .salt, a little iron ore: but no quick — nor 
commercial — silver is found here. [Laughter.] The land is geologically 
rich, but in a mining .sense jMMir. You are not hen* to l(H»k at the outside 
but the inside of the land. Allow me to say that of all human industries 
and occuimlions geology is the noblest. What the earth has to do in 
spact* geology teaches, and how in the changi's of ages it came to occupy 
its present form and situation. From its teachings we learn the infinite 
smallness of man. Won<lerful is the work which geology has (performed , 
but there is many a riddle yet unsolved. Nothing can so tend to solve 
these as a meeting of so many able men. May the sixth session of the 
congress tlo much toward this en<l, and may Swit/.er!an<l be remembennl 
as the place of its Ial)ors. [Applause.] 

Pr»*sident Kenevier then reiM)rted th«' decision <»f the couiu'il in r«»gar<l 
to language, as follows: 

1. La langue ofticielle rst l«* francais. — Toutes les affairi's administra- 
lives se feront en francais. Dans le castiu uii t'X|^)se ne ]N>urra etre fait 
t*n francais. il en sera donne une traduction. 

2. Les communications scientiticpies <lans les assemblees generales. i»i 
dans les s«*ct ions, jiourront etres failes en francais et imi allemand. Si 
cl'autres langues interviennent. il svm doniie. de <m's communications, un 
jw'tit resume francais comme traduction. 

The presitlent then iiitnHlured Prof. Suess. who ndtlressed the con- 
gn*ss on "conformalion of surface by horizontal forces." The s|K*aker 
said that it had been many years since h»* had ad(lress«Ml a public as- 
.s»«mblv in Zurich on this subject, which had been one claiming his at 
tention for many years. .\ brief <ligesl of the substuncr of this paper 
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from the |)en of its author, has been furnished for the Amkkican Ueol- 
(Kii8T, and will \w used at a future writinjr. The pa|M*r was illustrated 
by maps of the mountain systems of Asia and RuroiK*. The f^ist of the 
fiaper was that the (^arpathians and the Ural ran^re wer«' modeled by 
horizontal movements, unlike in direction but similar in character to 
those which had exercised a chanjre in KurojH* when the Alps and the 
Pyrenees were involved. A jjreat horizontal movement in the north of 
Scotland is indicat^'d before the Devonian ap\ He summed up a most 
interesting memoir by declaring? that what we call deformation is really 
conformation of the crust of the earth and is but a step in the f^radual 
projrn^ss which is towards a final' c<Mitour far from beinjr reached yet. 
[Applause.] 

Prof. Heim then jcHve a very clear statement of the >?eolo>ry in the 
neig^hborhotKl of Zurich, derlarinjr his old professor, A. Kscher. whose 
bust overlcHiked the scene, was ri/^ht when he declared in 1840 (?) that 
ZQrich is built on a moraine, and that the hills or mountains in its 
nei^hborh(KNl are moraine phenomena. The key to this >?et»lojfy is the 
erosion of the Mola.Hse of l'etlil>erjf and Ziirichberjf (lower Miocene) and 
the invasion of this depression by glacial drift. On the summits of the 
mountains near the town over (M) meters tif moraine covers the Molasse 
in place. The best arable lands an' found on the up|M*r moraine. The 
stroujurest springs are found in the lower yrund moraine and are fed by 
water which has trickh'd throu>rh the up|H'r moraine. The Zttrich lake 
lM»ttom was not ploughed out by glacial action, because (amongst many 
other reasons jfiven) thi're are islands at one i*nd c»f it with a depth of 
12() meters of water between tln'm, and, by reason of the direction from 
which the irlacier must have ct)nie, they could ii<»t have remained had a 
irreat force Ix'eii employed todi^out the lake bottom. Nor can the basin 
!>♦» explainnd l)y a fault or crack. Ix'cau.M' lh«' strata of the Molasse on 
the two sides ^ive evidence against any dislocation. The basin is tlue 
to a depression or sinking of the strata on the t*nd nearest to the Alps 
and is doubtless connected with the sinking nf the entin' Alps system. 
There are als»> clearly marked three separat(> «rlacial e|K>chs. 

This lecture commenceil with a eulojjyof thr s|M»aker*s former profes- 
sor (Kscher) and of a youn>r pupil of his named Wettsteiii. who lost 
his life by a fall in th«' mountains, iiotli of thi'm wore said to hav«* 
contribute<l much to the clear uiiderstandiiii; of the >;eolo)fy of ZOrlch. 

In the evrninj? the restaurant of the /Urichhorn, situat«'d on the east 
bank of the lake and about a kilometer fmm ZQrich, was indicate<l as a 
place of inf<»rmal meetinjr for th»' puriM>se of diniii^r. and most of the 
members of the conjrress went there and chatted till 9 or 10 ii'dock, n*- 
turninj? eith»*r on fool, in tin* tram car, or in th«* Ixmt. 

ThnrMiftiif, Auf/. .to, iS!f4. 

The council m<'t at 8 o'clock in the Polyttfclinikum. The pn*sident 
offered the compie-rendu of the previous session, and wasalxiut to with- 
draw it as accepted, l)«»fore it was discuss<'d, when Sir Archibald lieikie 
moved an am»*iHlmi«nt to tlirrtfect that the rule al>out lan^ua^e applies 
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only to the Zlirich session. It was decliired by the president approved. 

An invitation from the (ieo^raphical Society of Lisbon was received, 
inviting the con«rress to meet there in the year 1897, when the discovery 
of a route to the Indies by Vasc«) da ^Jama will be celebrated. The 
president remarket! that the council at Washinjfton had promised that 
the next congress after the present one should go to Russia. Dewalqiie 
wanted to know how one congress could fix the places of the succeeding 
two. Kenevier replied that of c(>urse this congress can ratify a decisi<m 
of the preceding congress. C'ol. Delgado, of Portugal, said (hat th»* 
offer was not from the Government of Portugal, which would have com- 
municated any such offer through him, whereas he, being absent when 
the communication was sent, knew nothing abi»ut it. 

Renevier asked what to do in the case of a so-called geologist who had 
wished to join the |H'destrian tour of Ileim and was told that he was 
too late, as others had b«»en refused, and then wanted his cotisation 
money back. The council, rather staggered that such a |M*tty matter 
should be brought to its notice, murmured various things, and the 
president stated that he should inform the ()erson that the proiNisition 
was inadmissible, and th»*n added in an audible t<Mie to Prof. Heim, **! 
would not take him anyhow." 

Theeternal and unanswered proiK)sition of the manpiis de (iregorio to 
found an international geological journal. wastak(*n up and played with 
f(>r a while, being finally referred to the bibliographical committee. It 
is strange that the manpiis. who has seen this project of his similarly 
treated for nine years, beginning at the congr<?ss of Berlin, is the only 
member t)f the congress who fails t*) note its amusing featurt^s, and ac- 
tually seems to believe that |)erhaps his grandchildr»*n may .see it 
adopted. Naive manpiis! 

Prt)fessor Heim inquired whether the work sent to l^>logna in 
comp«»tition for the prize offered by the king of Italy, in 1881, is the 
proi)erty of the cimgress or of the university of lk)logna. ('afx'llini said 
the funds wer»» given by the king and that the work should remain in 
Italy. esjM»cially as then* is no placi* of de|K>sil owned by the congress for 
taking can* of such objects. Further di.scussion was iK)st|)oned and the 
meeting was adjourned. 

The .several .sections met in the halls provided for them and pai>ers 
were pn»sented as follows: 

SK(TI0N I. — (iKOLCKlIK (iKNKUALK. 

Prinrt Roland Homtpartt, — Periodic variations of P^rench glaciers. 
}tar$h4ill Hall (read). — tilaciers of New Zealand. 

Van CaUcer. — Investigation of erratics. 

^7. Meuui€r. — Cleohigical JMiergy atlributetl to ancif>nt glaciers. 

Wamn I'pham (read). — The Quaternary era and its divisions. 
C/tarleM Tardy. — Pt'rturbations of the magntMic field. 
Albreeht Penrk. — The last dislocation of lh«' .\ips. 
liothpletz. — Failles de recouvreinent. 

(^riiff. — F*eculiar contact relations bet ween tin- cryslallin*' nucleus and 
the sedimentary covering. 
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F. A. Forel. — Proposilions n*Iativ<» t(» the variations of glaciers 
throughout the world. 

Section II. — Sthatkjrapiiik kt Pai.kontoldgik. 

Siicco. — Classification of the Tertiary terranes of EuroiJ*\ 
Ch. Mayer-Eymar, — Tertiary terranes of Switzerland. 

G. Bohm. — Ag<» des niveau.x a Kudistes de la Venetie. 
HoUier. — The Malm of the .lura and of the Randen. 
Wdhrmann. — rpi>«»r limit of the Muschelkalk. 

A\ Hull. — (ieology of Arabia Petrwa and Palestine. 

Merrerat, — (ieology of Patagonia. 

Itenrri4^r. — Formations of Facies. 

Winchrll {TVH.i\). — L'extension de Ttmest du systeme Taconi(|ue. 

Pat tote. — The Neocomian of th(? northern type. 

(irtffitritK — Nomenclature of parts of shells of gastero|Kxls and i)eh'cy- 
IkkIs. 

:>ttfaneftru. — The fossil camel in Koumania. 

(rrefforuK — Some remarks on the order and meth<xl of geological works. 

H'. Kituin. — On the limit of the Jurassic and Cretaceous in the Alps 
and Jura. 

F. Hang. — On the di.scovery by Caraipe of ammonees in the Permian 
of the Pvrenee.s. 

Skctiox III.— Mineraiamhe et Pethixjhaimiie. 

fjtpnimi. — CrystalliiH' and metamorphic rocks of Greece. 

lliigbom. — Effects of contact of Xepheline Syenite of Sweden. 

/*. (iroth. — Description of an apparatus for the graphic determination 
of the directions of vibration in any thin sections of biaxial crystals. 

VU)la. — On the Diabases and GabbriJ rocks in the Hasilicata (lower 
Italy). 

Duptirr. — The crystalline erujitive and metamorphic rocks in the 
first Alpine /.one. 

Schmidt. — The crvstalliiie rocks of Switzerland. 

Section IV. — Geolooie applk^lee. 

Ponepny. — The relations between industry and geology. 

./. //. L. yi»gt. — Occurrence of ores through proces.ses of magmatic 
differentiation. 
The occurrence of carbonic acid in the Rhine region. 

An informal midday meal was had from 12 to :<. at the Plattengarlen 
and an equally informal dinner in the evening in the Tonhalle r«*sta\i- 
rant, which is entirely enclosed in the Industrial Kxhibition of the can- 
ton now being held here. 

Following are partial minutes of the n'maining scissions of the 
council and of the general meetings of the c<»ngre.ss. 

The hour of meeting for the council was 8 a. m., and that of the gen- 
eral assemblv 9 a. m. Those who make no boast of their earlv hours 
were to a large extent on time: but those, including the president, whose 
dev»)tion to science and taste f<ir primitive' simplicity raise them above 
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(heir collenjfiK's, were to h jcr«'at cxteiit late. This whh {>erha|M th»* 
reHSon whv the husitiess whh condueterl without that fiilldiscusAion ami 
opp^jrtunitv for deliberation to which the A n^lo-Saxoii element is acriis- 
((»med. 

The French, who an* th«' most systematic jyeople in thi* world in 8pil»* 
of their excitability, havi; their own way of dealinjj: with lejrislative and 
iudicial asw'mblies. We consider their meth(xls somewhat arbitrarv, 
esi)ecially in the latter class where the judj^e interrogates the accuscMl, 
and in thi^ cours«* of his remarks attributes to him a motive and a com- 
plete chain of acts b«»fore any proof of either has been produced. Still, 
this tondencv is the result of the French desire to "trancher" the 
complication, to cut theCiordian knot instead of trying to untie it: and 
it must b<» said that jjenerally the **jud>fe" has a rijrhteous cause, and 
jjenerally justice is meted out to the criminal mon* rapidly than it 
would be under Knglish and American laws. 

In parliamentary debat»* the French meth<Kl is also different from 
that exjiounded in Cushinj?'s Manual, Robert's Rules of Order, etc., but 
in the main, up to the moment when the presiding? officer puts on his hat 
as a result of t<Ki much complication or too general infraction of onler. 
everyone has a moderately fair chanct^ to Ix* heard. The rules applied 
by M. Renevier, however, wer<» of the most arbitrary character and 
seemed to proceed from his desire to accomplish some, to him, desirable 
end. Thus, when the councihwas called together at 8:2(> orH:2r> and the 
<ifficial minutes of the meetinjr were distributed amonp the memlxTs, 
they were declared adopted before anyone had an op|K)rt unity to n*ad 
them, in default of any S|M»cif1c objection. It is true that a member of 
the council inter|M>sed to prevent the arbitrary subvershinof the funda- 
mental laws of the congress adopted at the Holo^na session, making 
French the official lan^ua;c<*. and recpiirin^ communications presentcnl 
in other lan^ruajires to b«» r6sum6ed in French, from applying to any but 
the Zurich session: but as a rule the Ktat<>ments which ap|x»ared in the 
refX)rt remained there, though a careful examination would have doubt- 
less led to manv corrections. 

A most extraordinary proiK)sit1<Mi was made by the president that the 
minutes of the assemblee generale could be approve<l by the council 
and adopted, without pvin^ the opiK)rtunity Ut those members of the 
congress wh<> were not in th«' council to mmlify or object. This pro{Mi- 
sition was opiM»sed by nearly half the members of the council, but was 
carried by a majority of two votes. 

Another matter came up which could not but greatly astonish the 
members. At the stance of the con^rress held in l^)loKna in 1881. Prof. 
C'apellini induced the kin^ of Italy to offer a prixe of about 0,00() francs 
for the best com|)elltive treatise on certain >reolo>rical subjects. A num- 
ber of works wen' forwanled, and a committee wasapfMiinted U> in8|)ect 
them, which finally reiN>rted that in its judgment none had fulfilled the 
conditions which would entitle the com|>etitor to the first prize. Nev- 
ertheless a prize of about 1,100 francs was award^'d to the contr^iflon 
adjudfred the best, and on of)enin}r the envelo|M* containing the name of 
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tlif cunlribiilor it was found lo bi- Pror. Ilt-im. of /.Urit'ii: aiitl tht- |>ri»' 
was duly M-ni lt> uiid iicknnwl edged bv him. Shurlly xftfrwitnl Pnir. 
H«>iiii Tcqiit'iiliHl Pnir. C'H|M'lliiii to limn him llie mniiiiscrtpt of hix work 
fwhich. bj- Ihi- WHy, H^ipi'an'd in the l^loKna volume), gmimiNJiiK to re- 
turn it. I'rof. CMiwlliiii. irlviii? iiihhi llie p'rtfft jt'""' f«ith of Ilis eol- 
lesK"''- »>' "n>-'f tiMik \\k inHntiscriiit from Ihe nrchivt'H niKl furwnrded it. 
ANtime rtill<'il bv withiiiit itH nttiirii. Cnpelliiil H-n>le Ki Heim abotil it 
and received HMiiiranri' Ihal il. would be wnt In n few weekw. Thirtein 
.venr« hnvi- elHiewd luid the mHniiRcrJpt In still liero. nnU whni Is mure 
remnrkable. Pn>f. Helm asked the council of the congress liMlerlan' 
whose imiperly i) is. (\imment is unnecessary. M. de [ja|i[mn-nl **xlrl- 
fat«l I he ciinncil fMm an exceinlinitly ilifJlcult iHisilion by |>n>|H>sini.' a 
rfsohilion. wliich was rortiiiialely Hdnjiled. that th<' ooiincil could not 
iiilerferf in a matter which cmicerned the competitors fur a prlijeolTenfl 
by the Italian kliit;. 

M. K«r<'l |ir<>|sis<'d Iht'iiomirialionof a commillee lostody tlH'ChaiiKes 
which (icciir in itlaciers. .Xfler some dlscus.si(iii the followtiij: weri' a|)- 
lioitili'd i>n thiHriimmlllfe, with jxiwer l.iadd loilselt others from Italy. 
Norway and Russia, vlst: KH'HTRH. Austria; Fintmwai.iikk. Cermany; 
Kkid. [Titled Stales: ItoNAPARTK. Fratice; Ham., lireat Itritain: Fukki.. 
Swit lie Hand. Prince Kiilaiid Itonaparle nlfered to bear the coKtN of this 
commiltet-. which was received with a[ttilause by the council. 

M. van Calker. of Holland, had the idea of aptxiinlinK a committee 
i<i study Ihe dislribiiiion of erratics, and llit>n^ was some friclion hs Io 
whelhi>r Ihe same commission should underlakc both suhjccls. It was 
Hnally decided in adopt Ihe v'lacial commillif and to recommend the 
members of thi- congress lo oricaiilxe a society for the study of erratics. 

It was meNlioned pri'viously that when the bureau of Ihe congress 
WBM under I'linli'mplaiion the pre.sidenl. M. Kenevier. slated thai then' 
were only Iwn ■■delpjTHles" from the I'nlted SlateH, namely, those si' n I 
by Ihe 1'. S. (ieohi);LCHl Survey. As oiif of Ihem refust^dto sr-rve as vice 
president and n-commended that the nlher he elected vice president to 
n'liresenl Ihe I"nite<l Slates. M. Kenevier ri'commended this <>ourse to 

Ihe council and it whs adopted. Th ily memlx-r fnim lh<- I'nited 

SlateH presenl jud|.-i'd il inopiKirlune at that time lo protest atrainsi ihe 

princi|>le thus tacitly admitted, more es|H-cially as the noml , Mr. 

[..-ster F. War.l. was emim-nlly worthy of the honor. He conceived it to 
lie his duty, however, not lo allow such H subversion of the riuidamentHl 
objects of the conjrresK to jiass utinulice<l. and consii(uenlly presented to 
the council Ihe rollowint; pmisKilion for ilelerminalion and rc|Mirt by 
the hurt'au in time to govern the constitution of the next conKress: 

"The bureau of the congress will consider the following ipiestions and 
will reach a decision in lime to apjily il lo Ihe organiiiation of Ihe next 

"I, To what extent does the congress recogiiine the right of govern- 
mental bureaus as such, of sncieties. or iit any kind of organi 
si-nd re|iresenlativeb to Ihe congress? 

••'2. Wiihin what limilalions does the congress recogniite II 
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Much n'pn*H«*iilaliv<'s, or of only a iK>rlion of tin* nn'mb«*rs <)f th«* con- 
^rcsH romiii^r from th«*sHm«* country, lo clHM)Sf who shall be th»» vice 
pH'sidiMil n'i>n*s<*nliii^ Uu'ir country, or to lake any other steps (in the 
name of their country) without consultation with all their countrv men 
members of the con^^ress? " 

Th«^ words in parenthesis do n<>t apjM'ar in the printed pr«»i*es verbal, 
but the omission will doubtless be corrected in the official volume. 

A warm friend of this proposal, who has irreat influence in the coun- 
cil, pro|)osed that it shouhl be settled by the next day: but the prof)oser 
pH'ferred that it be left to the careful delil>eration of the bureau, insist- 
ing only that it be not |>ljfeon-holed, wliich from its terms it cannot Iw, 
since the bureau, which consists of that part of the pres«'nt c<nincil who 
are otHcers, has en>ra>fed itself unanimously to consi<ler it an<i apply it 
to the next organization. 

The abuse Is a tla;;rant «me. If there is an object abovi' all others for 
the con^r<'ss to fulfill, it is to oim'u its d(N»rs e(|ually to all p'olo^ists 
without distinction or fav(>r. Should the con^rress decide that th<Kse 
whti hold |M>sitionK in the departments of the various jrovernm«*nts enjoy 
exclusive privilejfes. and, amongst others, that of constituting their 
|K'rmant>i)t or^ani/ation which keeps the con^rress alive between its reg- 
ular sessions, then it is a proclamation to the world that this b<Kly has 
been transforme<l into a servant of ofticialism. It is simply an interna- 
tional >reolo>;ical surv«\v trust, whose mission is to extenuate the errors 
and preserve the |H»wer of its constituent v^eolo«;ical survey directors. It 
is merely a play uiK)n words to call it an organization of nations, for the 
n'pH'sentalives of the nations have nothing to do with theaptM>intments 
and for the most part an* tpiite in ignorance of the i»ersons who act in 
their name. It is a means of disjjosing of the always tn)ublesome ''in- 
de|M'iident geologists" who owe allegiance onI\ to theirscience, and who 
an* t»x«»<l at home t») pmvide the salaries of tliose who would thus deny 
them equal rights in an internatioiuil institution. Thes(> inde|Mnident 
gtMdogists in all ct)unlries are an im|M)rtant factor in the establishment 
of fhcts. anil, apart fn>m the fact that they usually form the large ma- 
ioritv of those whose work is geological. the\ act as a check \\\nm hasty 
conclusions and im|K»rfecl work. Hut it is iM'tterthat the bun^au should 
have full time and Jilx'rtv to declare its«'lf than that any hasty conclu- 
sions on the tpiestions submitted lo it should be made. 

If as s«»me of the mon* intluential and older meml>ers of the congress 
think, the congress has Immmi diverletl fn»m its oriirinal excellent pur- 
iwis«» and has fallen into the hands of th<»se wht». if they cannot us#* it 
for their own M'lHsh pur|»os«'s, intend tt» desin»y it. thes«>«mer this inten- 
tion is apiviH'til the heller. If, on the o»ntrnr\. it is in b** the highe>st 
tribunal of api»«'al on purely stMeniitic matters, if it is t«» he outside of 
the inthience of |»artisans. time s»'rvers or even j.'i»\»rnm^nts, it will ad- 
mit to iiscouns«'ls without distinction all whohav.- .arn*^! ih»- right i«» 
be considen^l gei»logisis: nor will the d*H'ision Iv - mb.tr rass.tl b\ lh»- 
adoption of a rub* which would jriv*- t.» t-vt-ry naii.«n r»pr»-*i*-nl»ni t»nl\ 
one vol* . At lea.«^t all lh»- r»'pn-ientati\es of each i.aTH»n would fn>n 
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i^qual riKhtH. Let thv burcnu ducidi* tht-SM i|U<-stions nnil w shnll know 
wliHi t» expect. 

M. Karpinsky. of Riissin, Hubmils th"" iiivilittiun "f Ihe RiisHian i^i'olo- 
(flslH ItiHt tint cOnsresH meet In Russia In 1807. which \% M<luiil>-d. Thu 
crimmittec of urminiKHtion w nmned, with power to mill to its iiiimbttr. 

An liilereiitiiiK Jncideiil of thi! m-ciind ceiieral wssiiiti of the riiii||rri'ss 
WBR the gfnA wlfiheK olTen'd lo Pnif. lieyrk-h. on behulf uf the conirreHR. 
b.v Prof, lleim, on the oci^Hxion <it his ei^rhtieth birthday. The f,M\ 
[eeljiit; w«s very henrty and HiKiitlAnetms, but the reeipienl seemed 
somewhnt embarrHsse* by it; ix-rhapNtitr the renNon, which he expluiiieii 
to your correspondent, that he does not attain hiiteii^htii'th birthday 
until next year. 

The addresses of Sness. von Zittel and MicheMjcvy at these (general 
assemblies were very inleruHiinK anti worthy or the itccasion. 

The last si'ssion of the council but one look place tin Saliinlay morn- 
iiilT. when, after Ihe n-adin^ of the minutes, Nikitin (Russia), Oldham 
(En)rlisli India), Peiick ((iermany and Austria), ami Sacco (Italy) were 
added to the committee on biblioKraphy. (lllbert, the president, having 
resigned. Xikitin was elected president In his place. 

The Ifnal session of the council (the Hfth) was held at the Pulytechnt- 
kiim at 'i p. m.. after the flual sesHton general at the female seminary. 

The niiminnliiinsof the members uf the committee on iirKanixalion 
for Ihe next conjtri'ss in Russia were completed. 

The members of a committee were appointed, at the institnitiun of 
Michel-Levy, for the iiniflcntion of the nomenclature of rocks. Follow' 
in^ is a partial list of this committ^-c: Knop. Zirkel. ItosenbuKch (Ger- 
many]; tiolliei'.. Hulenmal, Schmidt (Switxerland): Renard.de la Yal- 
1^- Poiissln (Itel^ium): Itehrens, Wichmann (Holland); Macpherson. 
(ionxah> y Farin (Spain): llensaude (I^irtUKal): Michel-I^vy, Harrois, 
La Cr.iix (Krance); Teall, A. tieikie, Judd (England); BrojtKer (Norway); 
Zujovic (Roumania); I^ilwinson-LessinR (Rusaia); Tielw, Tschermak 
(Austro-Himtrary); Iddings. <'n>sti. Van Hise (L'niteil States); Itarcena 
(Mexico). 

l>r. Tieixe assi-rted that lie was not a iiel mirrapher and if ri'tained 
cotitd only brini; (.I'ueral KeuloKical knowle<l|ie to bear on the subject, 
lie also claimed thai Iheorijfin of Ihe idea tif mnkini; an international 
Keohiicicnl map of Kuroiie was in Ihe KeicbNansIalt of Vienna and n-ad a 
[Ntssaee from its proceedini^ anterior lo tlie lloli)j;n» si-ssion of tlie con- 
vrexH in rorriiboralion of his iHiinl. Hairchecorne claimed that it was 
made anterior to the si'ssion al Paris. 

M. Pellali (Italy) )iro|»si-d (1) Ihiil then- should be a |iermanent com- 
mittee a]i|M>intet1 with aulbority to reitnlate tb>' affairs of the cunttri'ss 
iM-tween »-sNions; (31 ihe seal nf the commJlt*-e should be Paris: (H) lliis 
committee shall consist of all the ofKcers: (4)lbi>st>conlribuIini[ 10 francs 
a year shall be considi'red mi'mtii'rs; (.^) I his commilt>>e shall issue a piib- 
lieation which shall he the organ of Ihe consress. 

Hen- a scene iH-curred which will presi-nt a jnst view of the manner 
in which president Ri'iievier conducts the business of a deiilH-ralivens- 
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st'mbly. M. (iolliez, general secretary, proixised that a c<»minittee con- 
sisting of the past presidents and general secretarieit should be requested 
to consider and draw up a re^iort to the next conj^ress on the advisabil- 
ity of such a permanent committee being appointed. M. de Lapparent 
drew the attention of the council to the fact that this was a total sub- 
version of the idea of the c(mgress and its transformation into a geolog- 
ical society, and that the council had no authority to take such a step 
of its own initiative. The president, who could not conceal his strong 
approval of Gollie/.'s plan, Anally declared that he would not permit dis- 
cussion on the merits of the proposition, but only on the question 
advanced by M. de Laprmrent. Nevertheless he consumed more than 
. half the time in discussing it himself in all its bearings, and fiually de- 
clared, "We have three propositions before us: thatofM.de Lapparent, 
declaring that the council is incompetent to decide the question (though 
for my part I do not see that it will be more competent in 18$)7 than it is 
now): that of M. Golliez, appointing a committee to examine the ques- 
tion and reix)rt at the next congress; ai^d, Anally, that of M. Heim, 
which declares that we shall not consider the subject at all. As Mr. 
Hi'lm's motion is the most radical, we shall consider it first.'* It re- 
ceived nine votes. S<»cond, the proix>sition of M. de Lapparent received 
eleven votes: and that of M. (iolliez only two vot4»s. There were perhaps 
fourteen members voting in all, and M. de Lapparent^s pro{x)8ition was 
adopted. In order to be absolutely i)erfect, (Jollie//s pro|x)sition should 
have read: All previous presidents whose names commence with an R, 
and all general .secretaries whose last names commence with a G. But 
imagine the new parliamentary' departure, when three contradictory 
resolutions are entertained at the same time and voted for in succession, 
some of the voters casting their ballots for two or for all! Thus, by a 
very narrow majority, another attempt to destroy the congress failed. 

While M. Gregorio is speaking on his favorite topic, that of the ad- 
vantage of having a congressional journal, the pn».sident |K)lileIy rt>ars 
that the seance is clased, and the members disp<>rse, although the mar- 
quis is still on the flmir struggling with his temper and his French. 

Thus ended the sixth session of the International Congress of Geolo- 
gists. It was a notable gathering of many (>minent men, and an object 
lesson in the employment of caucus [)rimary methods in the elevated 
sphere of high science. An impartial judge would probably prefer to re- 
vert to the old iM*riod of smiling Italian diplomacy, where apptmrances 
were preserved while the "machine" worked even mt>re efl'ectively, 
though not in the direction of suicide. 

A word in regard to the collation offered by the town of Zttrich to the 
members of thi' congre.ss. I'etliberg is a station some L 200 feet above 
the town, on the summit of the moraine hills and in a most command- 
ing )N>sition. An ordinary railway conducts thither through sinuous 
courses, the locomotive taking up thre«' loaded cars on a gradient (as the 
engineer inft)rmed me) of about 10 jM'rcent., or m<»n' correctly 8 in 1(K>. 
When we were all there a numberof the memlxTs followed Prof. Heim in 
an exciting chase up and down hill in search for onlcnjps of Decken- 
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schrolii-r anH other morHiiii- deposits. Some of Ihi- Kiiumnniaiis eamf hack 
luokin^ HB i( Ihcj' hud bi-<^n iivi^r thv cuunu' or ■ glacier iij a Hitiin); 
iwsition. with the (tliicierin their Upx. Vi'i' took sents ai (uur Uiag 
tables, Ihi-nrth beinj; rest>rvi>(l for the Iturxumeister and the congress 
di|[nltHri(-N with many others. The IturKomelsIer began an interminable 
siHH'Cli In which he cotn|ilimi>nt«d the scii^nce of gt^uUiKy and showed 
his knowledve of Latin. H. dc I^piMireat replied in hisalwajs happy 
eiyle. staling, Hin<ing other thinEs. Ihui the congress was now sl.Yteen 
year«<ihl: that, acconliiiff to a very general European cnstom, when h 
young man who hax apiilied himself diligentl]- to his studies reaches 
that Hge he is rewarded by a trip to Swilxerland: and this the congress 

The collation was of colli meats with jelly, and the wine at first on 
the table was graluiums. Further refections were charged to the con- 
sumer. In the aflenioon an excursion of members of the congress and 
Iheir wives slarU-d to mak>; a tour of the take. As a violent downjiouT 
of rain and hail occurred, however, it is to be feared that the pleasun- 
iif the trip may have b<'en marn!il. One of the most* vivid electrical 
storms which ,vour correH|)otident ever saw, accompanied by hail and 
rain, occurreil during the night. The hail stones struck the Venelinn 
blinds with ret>orts like ritle shots, while the lightning and thunder were 



Prof. Oolliex gives in the livn'l-guiile (prepared to explain the geology 
of the regions visited l>y the members taking the excursions) certain 
exptanalionsof a district particularly studied b,v Pn>r. Hallx of Berne. 
The latter liasprint<-d a sheet and distributed It to the members, conlru- 
verlini; the statements of (lUlliex. But the language and manner in 
which this is doni' gives evidence that the amenities are less considered 
in certain countries than they are with us. Persifuk Fhakeh. 

ZarifA. Sept. 3. IStl4. 



PERSONAL AND SCIENTIFIC NEWS. 

At thu: mertinu of the Bkitish Association kuu the Ad- 
vancement OF SciF-NCE, held in Oxford from August Hth to the 
15ih, the atltlrcss of L. Fletcher, president of Section C (Ge- 
ology), WK8 on recent progretiB in rainerulogy. Fiirty-three 
pitpers were presented in this section. Monday, the 13th, wus 
devoted to Pleistocene geology, which had ten papcre. One of 
these, by E. P. Culverwelt, was "An exuniination of Croll's 
and BalTs theory of ice ages and genial ages," in which he 
stated that mathematical investigation proves the inadequacy 
of the astronomic theory as at present formulated. He there- 
fore ascribed the Glacial period to geographic changes or to 
variations in the sun's supply of heat. A joint discussion on 
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the plateau stone implements of Kent, held by Sections C and 
H (Anthropology), was opened by Prof. Rupert Jones, who 
agreed with Prestwich that they afford evidence of a great 
antiquity for man in Britain, "wheii the physical geography 
of the Weald was very different from its character to-day/' 
Mr. Whitaker, on the other hand, thought that these recent 
discoveries and investigations bring "no evidence to connect 
men with preglacial or even glacial times." 

The Geological Survey of India has issued a second edi- 
tion of its "Manual of the Geology of India," forming a vol- 
ume of 540 pages, with a general geological map, a special 
map and sections of the Himalayas, a map of the Indo-Gan- 
getic alluvium, seventeen plates of typical fossils, and twenty- 
seven figures in the text. This work gives the results of the 
survey to the present time. It includes the greater part of 
the first edition, which was prepared by Medlicott and Blan- 
ford fifteen years ago, to which Mr. R. D. Oldham, the com- 
piler of this edition, has added largely, wholly rewriting the 
chapters on the age and origin of the Himalayas and on the 
geological history of the Indian peninsula. 

The two Arctic expeditions of this summer from the Uni- 
ted States have returned within the past month. Their chief 
contributions to geology are tbe observations on the border of 
the Greenland ice-sheet by Prof. T. C. Chamberlin, in the 
Peary relief expedition on the Falcon, and by Prof. G. F. 
Wright, in the Cook expedition on the Miranda. The former 
arrived at St. Johns, Newfoundland, Sept. 15th, having coasted 
along the west side of Greenland, with landings at numerous 
places and special explorations of the glaciers and ice-sheet 
on and near Inglefield gulf, in the vicinity of Peary's winter 
station. Lieut. Peary, with a small party, remains in Green- 
land for another year, hoping thereby to complete his map. 
ping of its northern coast. The Miranda, on her way north, 
collided with an iceberg in the strait of Belle Isle, causing 
delay for repairs in a harbor of Labrador and afterward at St. 
Johns. Again advancing north, this party first landed for 
three days' exploration at Sukkertoppen. Shortly after leav- 
ing this harbor, the Miranda was disabled by striking on a 
submerged reef, causing her to return to Sukkertoppen for a 
further stay of twelve days. After transfer of the scientific 
party, numbering forty-one, to the Gloucester fishing schooner 
Rigel, the Miranda, with the Rigel in tow, started on her re- 
turn to St. Johns, but after steaming about 300 miles was 
abandoned in Davis strait August 2drd, in a sinking condi* 
tion, her crew being all transferred to the schooner. Having 
stopped in Labrador to take twelve others of the Miranda's 
original party, who had remained there, the Rigel arrived at 
the port of North Sydney, Cape Breton island, Sept. 5th. 
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and is covered with houses. Two churches are also built upon 
it. Ill some places it has been cut away, but it continues as 
a prominent feature as far as Cloppertun street. Where 
excavations have been made the composition of the ridge is 
shown to be of characteristic beach material, — rounded gravel 
and pebbles with sand. Near its outer end this ridge is about 
20 feet above the general level of the town. The altitude of 
lake Simcoe is stated by Dr. Spencer to be 722 feet above sea 
level. The shore line in Barrie, measured on the beach ridge 
where it is crossed in the eastern part of the town by the 
Penetanguishene road, is about 60 feet above lake Sim- 
coe, or approximately 780 feet above the sea. Westward 
from the spit the ground is lower and for some dis- 
tance west of the town it is a rolling sand plain. Between 
Barrie and Allandale there is a low trough extending west- 
ward from the lake. Along the base of the hill south and 
west of Allandale the beach was found rather lightly devel- 
oped. We ascended the first point of the hill on the Cooks- 
town road, from which a wide view over the surrounding 
lowlands was obtained. Toward the west in the trough, 
which divides the highlands of the north from those on the 
south, the extension of the beach could be seen for a mile or 
more ; but whether the water at the time of submergence ex- 
tended clear through the trough to Colwell so as to make an 
island of the highlands north of it, was not seen. Eastward 
from Barrie the shore line was found beautifully developed 
all the wa}' to Orillia. It may be seen plainly from the train 
nearl}^ all the wa}'. Just east of Barrie the railroad cuts the 
beach, making a fine cross-section, and then rises to a higher 
level for a few miles, leaving the beach between it and the 
lake. Through this stretch it is a finely formed gravel ridge 
with a lagoon hollow behind it. In some places there are 
several lower ridges with intervening hollows. But beyond 
that, for most of the way to Orillia, it is a cut terrace with a 
low bluff at its back and a gentle boulder slope in front. It 
is well formed at Oro and Hawkstone. Within a few miles of 
Orillia the beach passes out of sight in a forest. 

Orillia. Along the face of the high bluff* back of this place 
the shore line was found clearly developed as a cut terrace 
with a few beach ridges at lower levels. It is particularly 
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well marked just above the main road for two or three miles 
north of the town. It is nearly as prominent in the town 
itself, and may be seen to good advantage on West, Cold water 
and Penetang streets, and in several other places. Toward the 
south the ancient coast line becomes deeply indented by a 
valley, and into this the shore line gradually fades away. 
During the second visit to this place I drove to McDon- 
ald's hill, about two miles northeast of Atherly, a village 
which is about two miles east of Orillia, on the opposite side 
of the river. This hill is about 85 feet above the lake and its 
crest, which is a wide, bouldery beach ridge, extends in a 
northeast and southwest direction, and appears to have been 
heavily washed by waves. Extensive excavations have been 
opened in the western slope of the hill near its top for ballast, 
and they show its composition to be almost entirely of lime- 
stone boulders of small size, and grading from this down to 
the fineness of coarse sand. The quantity of small boulders or 
cobbles of a diameter averaging from four to eight inches is 
enormous. All the material is thoroughly rounded. The hill 
faces northwestward over lake Couchiching and the valley of 
the Severn river, toward Georgian bay. This hill is not quite 
high enough to record the highest beach, and there is no higher 
ground on that side of the river within a distance of six miles 
or more. The altitude of the beach in Orillia, measured at the 
back of the terrace in the town, is about 110 feet above lake 
Simcoe, or 830 feet above the sea level. Both here and at 
Barrie we explored the higher ground without finding any 
evidence of submergence. 

Lorneville, In going from Orillia to Lindsay the Algonquin 
beach was again crossed at a point about a mile and a half 
west of Lorneville. At this place a series of well formed, but 
rather low and light sandy beach ridges rests upon an open 
country, sloping gradually toward the southwest. The upper 
ridge is about 815 feet above sea level, and appears to mark 
the upper limit of postglacial submergence. 

Midland. At a point about two miles and a half south of 
this place the highest shore line was found very plainly de- 
veloped against the north and east face of a high hill, at an 
altitude of about 820 feet above the sea. Between the town and 
this locality fragments of beaches were observed in two or 
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three places, and the terrace itself is flanked below by a very 
marked boulder pavement. We ascended the hill to an alti- 
tude of about 150 feet above the beach, but saw no further 
evidences of submergence. Marks of submergence are also 
plain for two or three miles east of Midland. The small lake 
which lies south of the road, and which has its outlet south- 
ward and then northward by a circuitous route, was probably 
cut off from its former direct connection with Georgian bay by 
shore drift when the water was at a higher level. 

Many impressive evidences of submergence were seen on a 
drive from Midland to the town of Penetanguishene, which is 
at the head of another bay about ten miles farther west. In 
the edge of Midland the road passes through a tract that is 
covered by an enormous quantity of large boulders, mostly 
erratics of northern origin, which must have been carried by 
the ice-sheet across a part of Georgian bay. Half a mile or 
more beyond this there begins a series of terraces which ex- 
tend two or three miles along the northwest face of the hill. 
They are situated upon a very steep slope and are narrow, but 
they are strongly and clearl}' formed. At one place there are 
five of these terraces arranged like steps on the steep hillside. 
The lower one is much wider than the rest, and is, in fact, a 
narrow sandy plain. The upper terraces are composed mainly 
of pretty coarse material. Farther on, the hill east of Pene- 
tanguishene rises about to the level of the shore line observed 
south of Midland, but we did not succeed in finding the beach 
on the south slope, which was the onl}'^ side we examined. 
From the upper edge of the town looking toward the south- 
west we could see a distinct mark along the face of a high hill 
about two miles away. This mark appeared to be a terrace 
and is not far from the level of the beach at Midland. 

Thus far all the observations made were within a field for- 
merly explored by Dr. Spencer, although he does not mention 
observations at any of the points here described. 

Parrif SoiDtd, From Midland we went to Parry Sound by 
steamer through the wonderful archipelago which lines the 
coast of the Georgian bay. The smaller, outer islands are 
mostly bare, but the larger islands are in some places covered 
with the coarser kinds of sediments. Hardly anything was 
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seen, however, which would tend to establish the fact of sub- 
mergence. 

The village of Parry Sound is built upon a gravelly delta 
deposit which is about 50 feet above the sound. Across the 
river I ascended the rugged hill back of Parry Harbor to an 
altitude of about 160 feet, but found no distinct evideuce 
of postglacial submergence. Our exploration, however, was 
too limited at this place to give much value to this negative 
result.* From Parry Sound we went by stage 18 miles across 
the country to Port Cockburn, at the head of lake Joseph. At 
two or three places evidences of general submergence were 
seen. On the west side of Horseshoe lake, there are some ter- 
races which are evidently the product of wave action. They 
were about 60 feet above the lake, and about 210 feet above 
Georgian bay. About the head of lake Joseph there are some 
suggestive features about 60 feet above its surface, but none 
that were distinct and clear. Nor were any noticed on the 
trip down lakes Joseph and Muskoka. 

Grarenhurst, At this place our time was too short to ad- 
mit of thorough examination. In the upper part of the vil- 
lage, however, there is a wide sandy and gravelly ridge which 
faces westward over Muskoka lake and is undoubtedly in part 
the work of waves. But we did not see any evidence which 
showed whether it is the highest ridge or not. Its altitude is 
about 825 feet above sea level. In going northward by train 
we saw abundant evidence of submergence within two to four 
miles, at levels 75 to 100 feet higher, but the upper limit was 
not distinctly made out. 

Brucebridge, At this place we found magnificent remains 
of the great submergence. They are of two kinds: one is the 
product of wave action, and the other of still- water deposi- 
tion. The latter, especially, is developed on a grand scale. 
The beaches are clearly defined, and the still-water sediments 
are fine-bedded or laminated silts and clays in horizontal lay- 
ers, forming a deposit 75 to 100 feet thick. 

Taking the main road northeast from Bracebridge we 
crossed the river just below the station and climbed the steep 
ascent of the east bank to the surface of a sandy plain. Within 

*1 h;iv«' since* h^arnrd that Mr. Gilbert had visited Parry Sound and 
found terraces which we did not see. 
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a mile, dunes and sandy ridges began to appear. One of these, 
in a field about 40 rods east of the road, is a long and very 
evenly formed beach ridge. Farther to the northeast the road 
crosses a few faint ridges and then ascends a series of three 
or four low gravelly terraces, which face like steps toward the 
southwest over the sandy plain. The first road to the right, 
which follows the seventh and eighth concession line of Ma- 
caulay township, leads across a series of ridges of gneiss, with 
intervening hollows of considerable depth. Across these we 
drove about three miles to an abandoned farm which ap- 
peared to be near the top of a fifth principal ridge. On the 
east side of the first ridge and near its top there is a large 
terrace of water-worn gravel and pebbles. Its composition is 
well shown in a ballast pit. At the top of the third ridge, 
which is about two and a half miles northeast of Bracebridge, 
the most marked evidences of wave action were found. The 
crest of this ridge is flanked on both sides by gravel terraces. 
The one on the east is small and narrow, and the ground is 
not well cleared for observation, but the one on the west is 
much heavier and easier to see. In a lot just south of the 
road it has the form of a wide, low ridge with a slight depres- 
sion behind it. North of the road the terrace extends at 
about the same width, and the farm buildings of Mr. Leeder 
are built upon it. From the field south of the road the ter- 
race extends southward as a short spit ridge, forming a con- 
nection with a rocky ledge, which was formerly a reef with 
water oft' its precipitous front 60 to 70 feet deep. Excavations 
for postholes show the composition of the spit and the terrace 
in the field to be characteristic beach gravel. This terrace 
faces southwest over the valley of the Muskoka river, and 
Muskoka lake and Georgian bay. Its altitude is about 975 
feet above sea level. In passing over the other ridges to the 
eastward we did not discover any evidence of submergence at 
higher levels. The second ridge, which lies next west of the 
third, is not so high and did not record the upper limit of 
wave action. The first ridge lacks only 20 or 25 feet of being 
as high as the third one, but we saw nothing to show whether 
the terrace on its east side marks the highest level of submer- 
gence or not. Looking eastward from the top of the second 
ridge, the terrace at Leeder's farm, on the third, is seen to 
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extend in a great curve around to the north and join the sec- 
ond. From the first ridge the long level of the terrace extend- 
ing for two or three miles to the north is plainly seen. 

Returning to the lower ground, we found that the sandy 
plain which forms the banks of the river at Bracebridge is the 
top of a great deposit of silt and clay, and that the town itself 
is situated upon an eroded slope of this great bed. Several 
excavations in the streets showed its character very well. The 
banks along the river are steep and, below the falls, 90 to 100 
feet high. In some places this whole depth is composed of 
the laminated beds. It is plain that the extent of this deposit 
was once considerably greater than now; for the numerous 
deep ravines which have been cut into it since the recession of 
the water show how much has been removed. 

We drove also about seven miles southeast, past the falls of 
the south branch of the Muskoka river, to a point about two 
miles above. For the first mile the road is over the deeply 
gullied surface of the silt plain. Then the road passes over 
a hill, at an altitude of about 90 feet above the railroad sta- 
tion, and on the top of this hill are several well formed beach 
ridges of water-worn gravel with depressions between them. 
Beyond this the road descends through a very deep and steep- 
sided valley which has been cut out of the silt by a small 
stream. Both sides show the laminated fine sediments to a 
depth of over 100 feet. The beaches mentioned are on the top 
of the north bank, and the contact between them and the silt 
may be seen in the ditch by the roadside. Between this gully 
and South falls the road passes over some higher ground which 
is pretty heavily covered with dune sand, and is at about the 
same level as the sandy tract northeast of Bracebridge, but 
considerably below the highest beach. 

From Bracebridge to Muskoka lake, the Muskoka river is a 
navigable stream flowing with a sluggish current through a 
great expanse of swampy flats. After the maximum sub- 
mergence, during which the upper part of the former estuary 
of the Muskoka was filled with the silts and clays, the reces- 
sion of the waters was accompanied by a restored activity of 
the river, which then commenced the re-excavation of its bed. 
We have in consequence the level plain of the silts at Brace- 
bridge cut by the narrow, deep gorges of the river and of sev- 
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eral creeks, and below, toward the lake, the wide flats built 
up largely with the silt brought down from above. 

JIuntsviUe, As it passes northward from Braeebridge the 
railroad climbs up out of the gorge of theMuskoka river, and 
toward Huntsville passes over ground mostly at or near the 
level of the beach at Braeebridge. At several points heavy 
deposits of water-worn gravel and pebbles are crossed. At 
its highest point the railroad appeared to pass somewhat above 
the level of these sediments. But on the descent toward 
Huntsville the gravels are particularly conspicuous, choking 
up the beds of all the small streams and forming long, narrow 
gravel plains. At several points these deposits have been 
excavated for ballast. At Huntsville station the evidence of 
postglacial submergence is very clear, although it is not 
strongly developed. The station is on the east shore of an 
arm of Vernon lake and its altitude above the sea is 960 feet. 
A steep hill rises back of the station to a hight of over 350 
feet, and along the base of this hill, almost within a stone's 
throw of the station, the highest shore line is sharply and 
clearly marked as a cut terrace. Its altitude above the sta- 
tion is about 40 feet. For over half a mile along the western 
face of this hill the shore line is plain and continuous, and it 
was easil}' recognized for about a mile farther each way. At 
the back of the terrace the old blulf rises ten or fifteen feet 
more steeply than the general slope of the hill above. 1 
climbed to the top of the hill, starting up opposite Cook's ho- 
tel, and reached a point over 300 feet above the shore line, but 
saw no further evidence of submergence. The top of this hill 
commands a grand view over most of the country around. Sev- 
eral lakes are in sight at once, Vernon lake toward the north- 
west. Fairy lake and Peninsula lake toward the east; lake 
Mary toward the southwest was not in sight, but the water 
from the other lakes passes down through it and the north 
branch of the Muskoka river to Braeebridge. The shore line at 
Huntsville is not in a place exposed to a wide sweep of waters 
like Georgian bay, but marks the shore of a former sound or 
long inlet, which reached from the inland valleys to the open 
water at Braeebridge. The valley is wide and open all the 
way from the head of Vernon lake. Steamers ply from Hunts- 
ville to all these lakes, and by a portage of less than a mile 
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they connect with the Lake of Bays, which empties into the 
south branch of the Muskoka river and formed another of the 
many ancient inlets of this region. The fine bedded silts were 
found at several places in Huntsville close up to the level of 
the beach. I have no doubt that this shore line is a part of 
the highest beach of postglacial submergence and is one with 
the main beach on the more, exposed coast outside. 

Jhirk's Falls. Our observations at this place were some- 
what disappointing. We failed to find any distinct beach 
which might mark the upper limit of submergence. Probably 
this was because of misinformation with regard to the proper 
roads to take to reach favorable high ground. Many inter- 
esting remains of submergence, however, were observed, nearly 
all of them belonging to the fine sediment class. The laminated 
silts and clays of Bracebridge are in some respects equalled, 
if not excelled, by those at Burk's Falls, where also they at- 
tain a depth of about 100 feet. The Maganetawan river has 
cut a deep ravine through the silt bed, and its little tributa- 
ries have cut numerous gullies in the remaining mass. The 
general appearance of the formation is the same as at Brace- 
bridge. We drove about three miles and a half southeast of 
Burk's Falls to a point on the hills near Katrine. The cleared 
farms of that vicinity are mostly on the gullied surface of the 
silt deposit. At one point the road rises to a level of about 
185 feet above the station and cuts a bed of water- worn gravel 
which may be related to the submergence, but we saw nothing 
which would establish that fact. Between the village and the 
station gravel beds were observed in two places resting on the 
top of the silt. One of these is south of the road near the 
Presbyterian church, the other is on the opposite side near the 
top of a low hill. It seems probable that these gravels mark 
a level not more than 80 or 40 feet below the maximum hight 
of water during submergence. We also drove about four 
miles west from the village to an old winter ford of the Ma- 
ganetawan. The road is mostly at lower levels, and, for the 
first mile or two, crosses the gullied surface of the silt. Some 
interesting sections of the deposit were seen here with the 
laminations beautifully displayed and in several places very 
much disturbed by faults and folds, which appear to be due 
to landslides and slippings on the steep sides of the gullies. 
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The hills about Burk's Falls are high, and if the submergence 
attained the hight which seems to be indicated by the depos- 
its, the ancient channels were deep, and varied in width from 
a half mile to three or four miles. Dr. Spencer puts the alti- 
tude of the submergence at this place conjecturally at 1,171 
feet. Steamers run from Burk's Falls to Ahmic Harbor, 40 
miles west, down the Maganetawan, but our limited time did 
not permit this trip. 

Sundridge, This place is situated on the north shore of 
Stony lake, which empties through Stony creek towards the 
southwest into the Maganetawan river. The lake is five or 
six miles wide, and it fills only part of the trough in which it 
lies. Near the station there are several light terraces and 
beach ridges of sandy composition ; and about a half a mile 
north there is a heavy glacial ridge, on the south side of which 
is a tolerably distinct shore line at about 100 feet above the 
station. On the slope below are several distinct terraces. 
This beach, like that at Huntsville, might be supposed to be 
of local origin, but it is also on one of those long inlets which 
connected with the wider water outside. 

South River, At this place we have crossed the divide to 
the region of the streams which descended the steep slope 
northward to lake Nipissing. Part of the drive from Sund- 
ridge was entirely above the level of the beaches of this 
vicinity and over unmodified drift. About a mile west of 
South River a distinct cut terrace was crossed at the foot of 
a steep hill. But it was so obscured by a heavy forest growth 
that the character of the ground in that vicinity could not be 
seen to advantage. There appeared to be a gradual slope, 
about a quarter of a mile wide, with occasional boulders and 
an appearance of low ridges. At its edge the road comes out 
upon a sand plain with dunes, and then descends through the 
ravine of a small stream. In this ravine the fine-bedded silts 
and clays again appear, and from this place to the town, half 
a mile distant, the road passes over the surface of a level 
sandy plain. Measured from the station at South River the 
altitude of the cut terrace is about 1,220 feet above sea level. 
At another point, about two miles south of South River, two 
terraces are found on a sandy hillside at altitudes of about 
1,190 and 1,195 feet above the station, and on another isolated 
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hill at an altitude of about 1,215 feet. From the top of this last 
hill there is a wide view over the surrounding country and it 
could be seen that the flats at South River are continuous 
through to Stony lake, and they also extend a long way east- 
ward up the valley of South river. In that direction the hills 
bordering the flats appeared to be terraced at 60 or 60 feet 
above the flats, agreeing closely with the level of the shore line 
west of South River station. Half a mile north of the station are 
Dunbar's falls, where the river was diverted to one side of its 
former valley and thrown upon a rocky ledge. From this it falls 
more than 100 feet and has excavated a deep ravine towards 
the north. It is apparently certain that the whole sandy plain 
at South River is the surface of a great silt bed. At a point 
about three miles north of South River the railroad crosses a 
marsh about two miles wide. This is the top of the grade of 
the railroad, and its altitude on the profile is given as 1,202 
feet. The west side of the swamp is bounded by a great 
gravel ridge, which looked from the distance like a beach, but 
which, on close examination, proved to be a glacial moraine. 
Its summit rises about 80 or 90 feet above the marsh, is very 
uneven and covered with many pits and hollows. It has been 
excavated for ballast by the railroad, showing it to be com- 
posed of all grades of material from fine sand to large boul- 
ders. About half a mile north of the gravel pit the moraine 
slopes rapidly northward down into the deep ravine of South 
river, and looking from the edge there may be seen at a 
distance of three or four miles to the north a very conspicuous 
shelf which appears as a long horizontal line extending along 
the east side. This shelf is very close to the level of the beach 
at South River, and I have no doubt that it represents the 
highest line of submergence. It was near the mouth of the 
ravine and was exposed to the northwest over lake Nipissing. 
Trout Creek, The high terrace just mentioned must be 
close to the station of Trout Creek, probably within a mile or 
two to the south, but it did not appear to be accessible in the 
short time at our disposal. Our efforts to explore the vicin- 
ity of this place were rather unfortunate. We arrived only a 
little before dark and it began to rain immediately. We drove 
westward about two miles over a sandy plain to the bridge 
over South river, where we found a fresh excavation in the 
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high bank on the east side, which showed a splendid section 
of the fine-bedded silts and indicated that the whole plain 
over which we had passed is of that composition. There are 
also several dunes on the plain. Southeast of the station 
along the base of the hill there is a cut terrace about 20 feet 
above the flats. The flats themselves extend about two miles 
southward to the south end of the long trestle. They are aj)- 
parently perfectly level, and just under the south end of the 
trestle there is a terrace in the same relation to them as that 
near the station, and it is probably a continuation of the 
same. In September, when I revisited Trout Creek alone, it 
rained harder than before ; but I walked half a mile up the hill 
to the east and reached a point about 110 feet above the level 
of the station. At that place there appeared to be a sort of 
shelf facing the northwest and covered with a great number 
of boulders of large size. There were so many of them five to 
six feet or more in diameter that the road had to be crooked 
about to find a way among them. The altitude of this place 
is about 1,145 feet above the sea. On the basis of the obser- 
vations at Sundridge and South River the boulders on the 
hillside are probably somewhat less than 100 feet below the 
level of the highest beach. Considering the very exposed 
position of this hillside, I should expect to find the highest 
beach strongly developed. From this point the hills at the 
supposed hight of the shore line extend slightly north of east 
to the valley of the Ottawa river and also toward the west- 
southwest 30 or 40 miles. Pawassau, seven miles north of 
Trout Creek and about 175 feet lower, is also an interesting 
locality. Besides fragmentary beach ridges of gravel, the 
silt beds are extensively developed and lie apparently in a 
more exposed position than usual. Of the other localities far- 
ther north, which were visited on these excursions, a separate 
account has been given in another article,* which is virtually 
a continuation of this although it was earlier in publication. 

♦•*Th«* Ancit'iit Strait u! Nipissin^," Hiillctin, (m'oI. Soc. of Americn, 
vol. V, pp. 020-(l2(), with maps, April JiO, IHJM. M«*nti()ii shuulcl hav** 
been made in this pajnT of the fact that Prof. (J. Fn'th-rick Wrij^ht and 
partv, inchidinj; Prof. A. A. Wrijrht, visit«'d some of thi' jrravol pits 
east of ('arti«T in th«' autumn of 181)2. S<m* Prof. (J. F. Wri^Oil's imint. 
**T1h* SupiK>s»'d Poslj^lacial Outlet of the (ireat Lakes through Lake 
Nipissiiij^ and the Mattawa Kiver," Bulletin, (ieol. Soc. Amer.. vol. iv, 
pp. 423-'), with Dr. Robert Bell's remarks in discussion, pp. 425-7. 
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The highest shore line was found on the hills north of North 
Bay at an altitude of about 1,140 feet above the sea level, and 
again eight miles east of Cartier on the Canadian Pacific rail- 
way at about 1,200 feet. 

Summary and Conclusions. 

The altitudes of the beaches observed are summarized in the 
following table. The measurements were all made by aneroid 
from points of known altitude near b}^. The letter r stands 
for beach ridge and the letter t for terrace. 

Barrio r 780 

T^orncville r 815 

Orillia t K\0 

Midland t 820 

Gravenhurst r 82.5-f ? 

liniC('brid|a:e /• 975 

Huntsville t 1,000 

Biirk'sFalls (Spencer)... 1.171 ? 

Sundrid^f r 1.20.5 

South River 1 1.220 

Trout Creek 1 1.145+ ? 

North Bay (at Nelson's) r 1,140 

Cartier t 1,200 

The facts show clearl}^ that the same water that filled the 
ancient channels in the southern highlands extended far to 
the north and west. It evidently covered all the lowlands of 
this region and, as indicated by the altitude of the shore line, 
made a strait over lake Nipissing at least 25 miles wide and 
500 feet deep, and probably another farther north over the 
hight of land to Hudson bay. There is also much reason for 
supposing its extension down the Ottawa valley to the lower 
plains of Ontario and the area of well established marine sub- 
mergence. Hut it seems probable that the highest shore line 
has not 3'et been recognized in those parts. I am, therefore, 
much more confident of the truth of a statement made in a 
previous paper,* that the upper beach of the Nipissing region 
is one with the Iroquois beach of the Ontario basin. The coun- 
try through which the connecting link probably passes is ex- 
tremely rough and the dilticulties of exploration will be great, 
but probably not greater than those of some other regions 
where good results have rewarded persevering explorers. 

♦**Th»- Hi:rhest Old Shon* Line on Mackinac Island," Am. Jour. Sci., 
Ill, vol. XLiii. pp. 210-218, March, 185)2. 
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At several of the places mentioned the shore lines are in 
long valleys between the hills, and must have been many miles 
from any large open water. This is the ease especially at 
Huntsville, Burk's Falls, Sundridge, and South River. On 
this account it might be thought that these evidences of sub- 
mergence were not produced by the wider waters which filled 
the basin of the upper lakes, but were due to lakes of the gla- 
cial recession, or to some other local cause. But I am quite 
certain that such is not the case. These valleys are wide and 
have open connection with the broader lake basin outside, and 
the plane of the shore lines in them appears to be the same as 
that of the greater outer beaches. These valleys open to the 
southwest and west, away from the probable direction of ice 
retreat. The one which passes Sundridge and South River 
opens both to the southwest and north. The magnitude of the 
phenomena also comports well with the strength and charac- 
ter of the outer lines. At the time of the great submergence 
this coast was somewhat like the present coast of Georgian 
bay, except that both channels and islands were on a much 
larger scale. The highest part of the highlands lies 30 or 40 
miles to the east of Burk's Falls, and is comprised in the Al- 
gonquin Park lately projected by the Canadian government.* 
From all that I have been able to gather concerning the char- 
acter of that region it seems probable that nearly the whole 
tract was intersected by channels which cut it up into islands. 
The highest lakes reported in that region have an altitude of 
about 1,405 feet above the sea. 

In the Simcoe region and to the west Dr. Spencer found a 
marked rise of the Algonquin beach toward the east. Our 
observations in the same region were less extended and less 
precise than his, but so far as they go they show the same re- 
sult. For instance, the locality' near Lorneville is about 30 
miles east from Barrie and only two or three miles north. But 
the beach at the former place is about 35 feet higher than at 
the latter, showing an eastward rise of nearly one foot per 
mile. Orillia is about 13 miles east and the same distance 
north from Barrie and the beach is about 50 feet higher, show- 
ing a rise of more than three and a half feet per mile to the 

*K<'|K)rt of thf Commission on Fort'st Pn'stTvalion and XatioiiHl 
Parks, etc.. 1893. 
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northeast. The beach near Midland is about 22 miles west 
and ten north from Orillia. But its level is ten feet lower. 
This probably does not mean a northward descent from Oril- 
lia, but rather a strong eastward rise from Midland. From 
the locality near Lorneville to that near Midland is about 40 
miles west and 20 miles north ; but the beach at Lorneville is 
five feet the higher. The beach at Barrie, however, is 40 feet 
below that at Midland, showing that the apparent absence of 
the northward rise is due to the obscuring eifect of the east- 
ward rise. The same is probably the case between Midland 
and Orillia. The value of a comparison where the differences 
are small, however, is considerably impaired if it depends on 
measurements made by aneroid barometer, as is the case with 
our work. 

From Orillia to North Bay the direction is nearly due north, 
and the intermediate places deviate but little from that line. 
The measurements of altitude are probably fairly accurate at 
all the places except Bracebridge, where the weather condi- 
tions were not good, and the margin of error may be somewhat 
larger. Taking the figures as we have them, the northward 
rise from Orillia to Bracebridge is a trifle over 4 feet per mile ; 
from Bracebridge to Huntsville, less than Hfeet; fromHunts- 
ville to Sundridge, about 6 feet and 2 inches; from Sundridge 
to South River, about 3 feet; and from South River to North 
Bay, a northward descent of about 2;^ feet per mile. 

Perhaps the most interesting result of these excursions was 
the finding of the great silt beds. When we take into ac- 
count all their relations to the adjacent glacial and postgla- 
cial deposits, the wideness of their distribution, and their 
remarkable uniformity of composition in all places, it seems 
impossible to miss their meaning. These deposits were found 
not only in the highlands east of Georgian bay as here de- 
scribed, but also at several other distant places. They were 
found at Superior opposite Duluth, and at Sault Ste. Marie; 
at many points along the Spanish and White Fish rivers north 
of lake Huron; all along the north side of lake Nipissing, 
and up the valley of the Veuve ; at Pawassan, Trout Creek, 
South River, Burk's Falls, Huntsville and Bracebridge, on the 
line of the Northern and Pacific Junction railway; in the 
valley of the Oswegat<;hie river near Edwards and South Ed- 
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wards, N. Y. ; and again in the valley of the Missisquoi river 
in northern Vermont. In all these places this deposit presents 
not only the same general appearance and relation to other 
contiguous deposits, but also a remarkable uniformity of finer 
details. Take, for example, the silt beds at Bracebridge. 
The whole set of phenomena at this place is extremely in- 
structive. The laminations of clay and silt are associated in 
pairs which are almost without exception about half an inch 
in thickness. On weathered surfaces the principal part of 
each layer is a greenish gray clay, and this is separated from 
the next layer of clay in each case by a layer of white silt, an 
eighth to a sixteenth of an inch in thickness. There are some 
variations in the composition of the deposit at each locality, 
but they are confined chiefly to varying proportions of the 
two materials. In a few places I found the clay almost ab- 
sent and the silt layer thicker than usual. In other places 
the variation was reverse of this. It seems plain enougli that 
the silt and the clay must represent two slightly different 
conditions of sedimentation ; and the orderly way in which 
the layers alternate shows that a layer of silt and a layer of 
clay taken together constitute one complete round oi change. 
This points to recurrence and almost certainly to periodicity. 
Tides, storms, and the annual round of the seasons, are the 
only recurrent variations liable to atfect sedimentation. Of 
these the tides and the seasons are periodic, but storms are 
irregular. Neither tides nor storms atford a satisfactory ex- 
planation. For the one is much too short in its period, and 
the other too irregular. It seems impossible that the pairs of 
layers can represent anything but annual periods of deposi- 
tion, and if this be the case several important conclusions 
follow, (/onsidering the great thickness of the whole deposit, 
the length of time which must be allowed for its formation 
can hardly be less than several thousand years. Indeed, if 
we suppose the laminations to be uniform, and the maximum 
depth of the whole original deposit to have been 100 feet, the 
time of deposition would be about 2,500 years. And this, it 
should be noted, would be not the whole time of the submer- 
gence, but only the time during which the conditions of still- 
water sedimentation existed at that level, not counting the 
two periods unfavorable to this kind of sedimentation, one us 
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the water was rising and the other as it was receding, during 
both of which shallow water conditions prevailed. The gravel 
beaches and silt beds, with the intervening zone of dunes and 
sand ridges, complete the testimony that the submergence 
was not only of long duration, but that it was an invasion of 
waters of great extent. Taken alone the silts prove only a 
long duration of time, such as might characterize the depos- 
its of a small lake. But the gravel spits and beaches were 
made by waves, which came in from Georgian bay over the 
basin of Muskoka lake, and these forms prove the wide ex- 
t<}nt of the water. 

It has been held by many that all the abandoned relics of 
submergence found within the St. Lawrence basin are due to 
ice-dammed lakes formed during the glacial recession. But 
th^ shore lines have now been traced so far northward toward 
the center of the glacial radiant of the Lauren tide plateau 
that this view seems no longer plausible. The inference near- 
est at hand is that the submergence was an invasion of the 
sea and that the Great Lakes were connected with it through 
a strait over lake Nipissing. It is not more than 25 miles 
from the Nelson beach northeast of North Bay to the nearest 
point on the Ottawa river above Mattawa. There is much 
reason to expect that exploration will ultimately prove that 
the upper silts and gravel beaches of the highlands of all the 
upper Great Lakes are of the same age as the higher postglacial 
marine deposits of the lower Ottawa and St. Lawrence valleys. 



A REVIEW OF THE HISTORY OF THE GREAT 

LAKES.* 

By J. \V. Si'KNCEK , Ph. I).. F. G. SS. (L. and A.). 

(PhlU' VIII.) 

CONTENTS. Page. 

1. Problems and Progress 290 

2. Foraier High Continental Elevation 290 

\. Character of the Lake Basins 291 

4. (f lactation of the Ke^on 292 

s. Buried Laurentian \ alley 293 

h. Buried Tributaries 293 

7. Reversal ot the Drainage of the I'pper Ohio and other ri\ers 294 

*i. Closing of the Valleys into Lake Basins 294 

9. Deserted Beaches in the Lake Region and their Deformation 295 

10. Warren Water 296 

11. Algonquin and l-undv Waters 297 

12. Iroquois Water and Birth of the Moilern Lakes 207 

13. History of the Niagara River and Changes of the Outlets of the Lakes 29S 

14. Recurrent Drainage of the Great Lakes into the .Mississippi River by • 

way of Chicago 300 



.A- 



*R«*:ul bcfon* S<'Ciion K of the AiiHTiean AssociutiDn for the Advaiic*- 
mcnt of Science, at the Hnjoklyii m«vtiiijr, Aujrust 20, 1804. 



290 The American Geologist, November, i»4 

1. Problems and Progress, " Problems settled in the 
rough and ready way by rude men, absorbed in action, de- 
mand renewed attention and show themselves to be still un- 
read riddles ; when men have time to think .... doubt . . . 
refuses to be east out." In such a condition was our knowl- 
■edge of the history of the Great Lakes, tributary to the St. 
Lawrence, when the writer commenced his fragmentary studies 
fifteen years ago. In these studies of the lakes some of the 
most interesting and important questions in dynamical, agri- 
cultural, and artistic geology are involved. Even if the Great 
Lakes had attracted the attention due them, their study would 
have been impracticable at an early date, at least until after 
numerous soundings had revealed their character; and until 
the railway surveys were made, for these furnish data for 
quantitative measurements. Many deep well-borings were 
needed to discover the buried valleys; and the surveys of the 
deserted shores have delimited the boundaries of the shrink- 
ing lakes, and made known the deformation of the earth's 
crust. 

From intimate familiarity with the topographic features of 
the southern states, and by comparing them with those of the 
lake region, one can easily see that there would be very little 
diti'erence between the features of the two areas, if the super- 
ficial drift at the north were removed and the country were 
then compared with that at the south where there is no such 
mantle. Accordingly the meteoric origin of the great St. Law- 
rence basin suggests itself; but the basin has been obstructed 
and several great lakes now occupy what were once broad 
rolling plains. Before men had time to stud}^ the lake history- 
we were told that the lakes were valleys of erosion, but how 
they were made was hardly a question worthy of considera- 
tion. Later, it was an equallj' rough and ready method to tell 
lis that the basins were excavated by glaciers. Their whole 
history is not yet written, but many chapters are now before 
lis. Extracts of these will be given in their natural order 
(not in that of the discoveries), so that a short story of the 
lakes can be told. 

2. Former High Continental Hlevation. As will be shown 
in the next paragraph, the basins of the lakes are more or less 
like erosion valloj^s. The deepest sounding of lake Ontario is 
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491 feet below sea level; of lake Michigan, 202 feet; of lake 
Huron, 168 feet; and of lake Superior, more than 400 feet. 
Consequently, if these were erosion valleys, they must have 
been formed at such an altitude that the drainage of the 
region could have descended to the sea. As collateral evi- 
dence of the high elevation, we find that the lower St. Law- 
rence river and the Gulf are only u deeply submerged river 
valley, with tributary canyons, having a general depth increas- 
ing from 1,200 feet to 1,800 feet, but much deeper at the edge 
of the continental plateau. Hudson strait, the Gulf of Maine, 
New York harbor, and other points along the continental mar- 
gin, reveal great submerged canyons that were once river 
valleys. Indeed, portions of the continent were once very 
much higher than now, especially in the south, where the 
coast and the Antillean region appear to have sunk from one 
and a half miles to two and a half miles during the Pleisto- 
cene period. These changes of level have been in undulations, 
with the greatest subsidence along the coastal regions, and 
more particularly in the south than in the north. But this 
forms a separate and partly written chapter, in which much 
progress has recently been made. It is sufficient to know that 
the lake region has stood at a high elevation during most of 
the time from the Carboniferous to the Pleistocene days, 
which were followed by changes of level resulting in the 
present altitude of the land.* 

fi. Character of the Lake Basins, The valley-like charac- 
ter of the lake basins appears to be challenged when the casual 
observer finds that some of the outlets are mostly obstructed 
b}' rock}' barriers. This condition gives rise to the hypothe- 
sis of the glacial origin of the basins, for the theorist did not 
stop to compare the course of the basins and the escarpments 
with the direction of the glacial stria*. However one might 
doubt the correctness of the fiuviatilo hypothesis, the futilit}^ 
of the glacial origin could only be confirmed when the causes 
of the barriers closing the lakes were discovered, which will 

♦Pr«'\ i(nis |m|MTs on this subject by tht- prcs**!!! writer are: **Hi^h 
Coniiiu'iUal Kli-vation prt*crtliii>^' lh«* PlfisiociMio |H'i-i<Ki," Jiiiilrtin Ut'ol. 
S<>c. Am., vol. I, I8vSJ>, p]). (K>-70: "Posi-Pleistocrne Subsitli*nce versus 
(ilacial Daws," Id., \nl. ii, 181H), ]»p. 4ikV4TG: "TtTnstrial Subsidoncf 
.soulh«*ast of lh«* AmiTicaii C'oiitiiirni," Id., vol. v, 18JKJ, pji. lJ)-*32. Kach 
of tln'so papiTS is accomi>aiiied wiih a map. 
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be shown to have been the drift filling the old valleys and the 
warping of the earth's crust. But the basins are river-like 
and broad submerged valleys. Lake Ontario is 247 feet above 
the sea, but its greatest depth is 738 feet; and throughout a 
considerable portion of it, the southern side is bounded by 
high vertical but submerged walls, which for long ages formed 
bluffs along the ancient river.* Besides the longitudinal 
trough, another deep channel crosses the basin east of Toronto. 
Lake Erie is 573 feet above tide, but it is generally less than 100 
feet deep, except over a small area where it is 210 feet; but 
beneath the waters of the shallow basin there are many buried 
channels, the deepest of which, at Cleveland, is 228 feet 
(Newberry). Lakes Michigan and Huron and Georgian bay, 
are at one altitude, 582 feet above the sea. Georgian ba^^ is 
generally less than 200 feet deep, but at its southwestern side 
a channel reaches to a depth of 510 feet, in front of the foot 
of a very high escarpment, part of which is submerged. An- 
other submerged escarpment crosses lake Huron. This has a 
descent of more than 400 feet. The deepest sounding is 750 
feet. The two basins of 'lake Michigan (respectively 864 and 
576 feet deep) have vertical submerged escarpments adjacent 
to them. Also there are some deep channels and fjords, one 
of which is 612 feet deep. Lake Superior has been studied 
less. More or less drift is known to occur between the lake 
basins, like that filling the submerged channels under lake 
Erie. The buried valk^ys will explain the connection between 
the lakes. 

J/. Glaciatioii of the llegion. The strite are nowhere par- 
allel to the direction of the escarpments, whether these be 
submerged or above the level of the lakes, where they form 
bold topographic features. Nor are the vertical walls of the 
limestone escarpments polished by lateral glaciation. In 
short, the stria* are at considerable angles, even at right angles, 
to the rocky escarpments. Thus it appears that the valleys 
were not shaped by glacial action. 

♦"N(>t»*s <ni th«' Origin and History of tin* (Jn'al Lukt'S." h\ th«*>vrilor, 
Proc. Am. Assoc. Adv. Sci., vol. xxxvii. IHHvS, j). \\)1\ "()rijrin of the 
Basins of ih«'(in'al Lakt'sof Am«'rica,'* by tin* writ»T. Quart. .lour. G«m)1. 
Soc, London, vol XLVi, ]). .Vi^i {\\\su in Amkrk an (Jkoi.ooist. vol. vii, 
]ip. SO-97. with mapof \\\v anci«'ni Laur«'ntian rivt'r sysli-m, Feb., 18JH); 
and farli«*r ]>a|KTS. 
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5, Buried Laiirentian Valley, Below the outlet of lake 
Ontario, the valley is covered to some extent with drift, but 
the greater part of the barrier closing the lake is rocky. Be- 
tween Georgian bay and lake Ontario, the writer discovered a 
deep buried valley (by a* series of borings, for there was no 
superficial evidence of it, although parallel to the Niagara es- 
carpment), beneath the great drift ridges intervening between 
the two waters. The full depth has not been reached, although 
not less than 750 feet beneath the higher ridges, and it is prob- 
ably very much deeper, as indicated by the fjords at both 
ends (in lake Ontario and in Georgian bay) ; so that here is 
the connecting valley between the submerged channel^ of the 
upper lakes and lake Ontario. The fjords of northern Mich- 
igan and the buried channels continue the evidence that from 
lake Michigan to the outlet of lake Ontario, the ancient Lau- 
ren tian river flowed partly through the basins and partly 
across the country north of Toronto. The ancient river is 
thus named to distinguish it from the modern St. Lawrence 
river. The connection of the valley of Superior with the Lau- 
rentian river has not been determined; but judging from 
soundings in lake Michigan, we may suppose it to have been 
by way of the northern end of that valley.* 

(}, Ji (tried Tributaries, A branch of the Laurentian river, 
now buried beneath 500 feet of drift, extended from the 
southern basin of lake Michigan across the Michigan penin- 
sula and the southern end of the Huron basin. This large 
tributary, which has been named the Huronian river, is of the 
same age as the Laurentian river. 

Through the Erie basin flowed the now buried and sub- 
merged Erigan river. Niagara river was not then in exist- 
ence. But the Erigan passed from the Erie basin across the 
province of Ontario to the great canyon at the head of lake 
Ontario, thus descending to the lower basin. 

Many branches and smaller tributaries are known to have 
joined these greater rivers, as revealed by the borings. In 
some cases there were no changes in the direction of the an- 
cient and modern drainage. In other cases the streams have 
locall}' left the original waterways and again returned to the 

***()ri«rin of tlio liasinsof ihr (Ireat Lakes." cited before: also "Dis- 
coviTv of the Preglacial Outlet of the Basin of Lake Erie into Lak-Vi 
Ontario," by the writer, Proc Am. Phil. ^)C., Philadelphia, 188L 



294 The American Geologist November, iflM 

old valleys. A characteristic of the former drainage is the 
filling of the ancient channels, above which the modern streams 
flow upon the accumulation of drift. The ancient valleys are 
relatively much shallower but broader than the modern, with 
sides more sloping and other, marks of greater antiquity than 
the modern streams, where they have cut new channels in 
place of reopening the buried valleys. 

7. Reversal of the Drainage of the Upper Ohio and other 
rivers. Among the earlier studies on buried valleys were those 
of Dr. J. S. Newberry, Dr. T. Sterry Hunt, and Mr. J. F. Carll. 
To Mr. Carll belongs the credit of first working out the re- 
versal of the drainage of western Pennsylvania, where he dis- 
covered that the upper Allegheny and some other streams 
flowed into the Erie basin before the Pleistocene period. In 
J 881 the writer, following Carll, pointed out that there is ev- 
idence that the whole upper Ohio river, above the Beaver 
tributary, flowed to the Erie basin. This hypothesis was am- 
plified by Dr. P. Max Foshay, and later the observations have 
been extended by Prof. T. C. Chamberlin and Mr. Frank Lev- 
erett, confirming the change in the direction of the drainage. 
The streams south of lake Erie generally drain a much smaller 
basin than formerly. So in New York, the upper waters 
of the Susquehanna, and of its tributaries, drained to the 
north into the Ontario basin, by way of the Finger lakes, 
which now occupy the old river courses, partially closed up 
by drift deposits and by terrestrial warping or deformation 
towards the north. 

8, ClosiiKj of the Valleys into Lake Basins, The old Lau- 
rentian valley was more than a hundred miles wide, but it was 
interrupted by the deposition of drift in many places, most 
notably between Georgian bay and lake Ontario. To some 
extent the modern St. Lawrence river is flowing over a drift- 
filled valley. This obstruction has caused the modern drain- 
age to be changed from the old directionw and often to pass 
over rocky barriers. But in addition to the drift obstruction, 
we find that the recent terrestrial uplift has been greatest 
toward the northeast, producing barriers and forming basins. 
The warping has been measured and is found sufficient to ac- 
count for all the rocky barrier below the outlet of lake Onta- 
rio. Moreover this northeastern elevation has caused all the 
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lakes to rise and flood their southern and western ends, since 
the modern lakes were established. The quantitative charac- 
ter of this change will be explained in the next paragraph, 
and the etFects upon the modern drainage beyond. 

9, Deserted Beaches in the Lake Region and their Deforma- 
tion, The Laurentian lake region abounds with the remains 
of deserted beaches, terraces, sea-clitfs, and other evidences of 
former shore lines. The writer has made an extensive sur- 
vey of these phenomena in Canada, across Michigan, in 
the Adirondacks, and in the Green and White moun- 
tains.* Mr. G. K. Gilbert did the first systematic work 
south of lakes Ontario and Erie.f Mr. F. B. Taylor has 
more recently extended the surveys north of lake Michigan 
and northeast 'of lake Huron; J and Dr. A. C. Lawson, 
north of lake Superior.g There has been very little systematic 
work in the lake region upon these problems except by the 
named observers. Some of these old shore lines, after form- 
ing highways known as ridge roads, have been surveyed for 
hundreds of miles; others are broken or interrupted. Gener- 
ally speaking, the northeastern extensions are unknown, owing 
to the want of surveys; to the changes in the topography, 
rendering their surveys difficult; to our ignorance of the phe- 
nomena; to our ignorance of suspected modern faults; and to 
our further ignorance as to how much the phenomena are ob- 

♦**N()tes iifH>n tJu* Orij^in jiihI History of tin* Grt'Hl Lakes," cit^ni bt»- 
furt'; "iVformation of \\w Iroquois B»'Hch and Hirth of Lake Ontario." 
Am. .four. Sci.. Ill, vol. xl, LSIK). pp. 44JM51; ''Deformation of tlu« Al- 
gonquin Beach and Birth of Lake Huron," id., vol. XLi, 181)1, pp. 12- 
'l\\ **Hi>rh Level Shores ii» the Uejrion of the Great Lakes and their 
I)ef«»rmation," id.. ])p. 201-211; "Deformation of the Lundv jieach and 
Birlhof Lake Erie," id., vol. XLVii. 181M, p]). 207-212; "The IrcKjuois Shore 
north of the Adirondacks," Bulletin. Geol. Soc. Am., vol. in, 181)1, pp. 
4H8-401. Each of these pajH'rs, excepting the one laslcited, is accompan- 
ied with a map. 

f "The History of Nia^'ara River," Si.xth Annual Rejiort of the Com- 
missioners of the State U«'servation at Niaiurara, for the year 1889, pp. 
<n-84, with eijrht plates (also in the Smithsoniaji Annual ReiKirt for 
1890); Proc. A. A. A. S., vol. xxxv, for 188«, pp. 222, 22:5. 

X "Reconnaissances of the Abandoned Shore Lines of Green Bay and 
of ih«' South Coast of Lake Superior," A.mekican Geologist, vol. xiii, 
pp. H10-a27.and :{«r)-38:^, Mav and .Tune. 1894; "The Ancient Strait at 
Nipissinj:," Bulletin, Geol. &oc. Am., vol. v, pp. 020-G20. Each of these 
pafM'rs has a map. 

55 "Sketch of the Coastal Toijojrraphy of the North Side of Lake Su- 
]H*rior, with sp«*cial ref«'rence to the Abandtmed Strands of Lake War- 
ren," Twentieth Annual Rejxirt, Geol. Surv. Minnesota, for 1891, pp. 
lSl-289. with map and profiles. 
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literated by ice action. This last question involves the prob- 
lems of subsidence of the region and of the character of ice 
dams. The writer regards the beaches as substantially formed 
at sea-level (as some of the beaches unquestionably were), 
although the outlines may have been obstructed by glaciers, 
tioe-bergs, or local ice accumulations, or perhaps the north- 
eastern continuity of the beaches is obliterated by recent 
faults. These are unsettled questions. Much is still to be 
done in the survey' of the ancient lakes, yet we have some in- 
teresting contributions to record concerning them, even with- 
out inquiry here as to the still unread history. 

Fragments of beaches occur in the peninsula between lakes 
Ontario, Erie and Huron, up to altitudes of about 1,700 feet; 
and terraces are found in the Genesee valley at a much 
greater hight, besides others at higii levels elsewhere in the 
lake region. But when we descend to an altitude of 778 feet, 
at the head of lake firie, we are at a beach of great extent (to 
the northeast this rises several hundred feet); and one still 
more extensive is reached by descending to 053 feet. All 
the higher shore developments are the remains of the first 
waters that covered the drift at the close of the Pleistocene 
period, whether they were ice-bound arms of the sea, or held by 
glacial dams, or by undiscovered land barriers since deformed 
by terrestrial movements. The beaches were water-levels, but 
now they rise toward the north and east in increasing ratio. 
At the head of lake Erie they are nearly level ; at the eastern 
end of this lake the northeastern rise is between three and two 
feet per mile, according as we take the uplift on the higher or 
lower beaches. East of Georgian bay the deformation is four 
feet; and near the outlet of lake Ontario it is from fixe to six 
feet per mile towards the northeast, but increases onward to 
seven and a half feet per mile. These rates of ascent are re- 
corded in shores not the highest; and there were many lower 
stages of the lakes. 

10. Jrarreii irafcr. The contracting waters of the Great 
Lakes region, represented by the succession of beaches, the 
writer named the Warren water, — the ancestor of all these 
lakes; and its lowest strand is the Forest beach, which at the 
head of the Erie basin has an elevation of (JoJJ feet above the 
sea. This lake, during part of its history, covered 200,000 
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square miles. But to the east it has not been defined, and its 
old margins have been very considerably tilted. With the 
continued rise of the land, the waters sunk to a lower level, 
dismembering Warren water and producing : — 

11. Algonquin and Lrnuly Waters, When the level of the 
water fell about 150 feet below the level of the Forest beach, 
the upper three lakes were enclosed within the Algonquin 
beach, and Erie within the Lundy beach, which latter extend- 
ed to the Ontario basin. At that time the waters of the lakes 
did not reach to their western and southern boundaries of to- 
day. Toward the northeast they connected by straits with 
the waters in the Ontario basin, but their eastern limit has 
not been surveyed. 

12, Iroquois Water and Birth of the Modern Lakes, The 
waters gradually subsided to 300 feet below the planes 
of the Algonquin and Lundy beaches when the Iroquois shore 
commenced to be formed. This level has been proved to have 
been that of the sea, although it is now 363 feet above tide 
at the head of lake Ontario, 750 feet near the outlet of tiie 
lake, and nearly 1,500 feet at the northeastern extension of 
the Adirondacks. The old water plane is recognizable, by 
either continuous or interrupted portions of its shore line, all 
the way to the depression of hike Champlain, but it is not yet 
fully known, especially as to its location north of the Ottawa 
river. Lower beaches are also known in the Ontario basin. 

With the subsidence of the waters to the Iroquois level, the 
upper lakes shrunk within their narrow limits, and the Niag- 
ara river had its birth, at first draining only the Erie basin, 
whilst the three upper lakes outflowed by way of the Ottawa 
valley. Indeed, the Iroquois waters sunk more than 220 feet 
below the Iroquois beach, thus greatly reducing the area of 
that lake. The waters of the upper lakes also sunk so as to 
form sheets of very contracted proportions. By the continued 
rise of the land towards the northeast, the rims of the lakes 
were raised, backing the waters in the basins and extending 
the modern lakes as we see them. This rise was intermittent, 
but, for the average of the secular episodes of movement and 
repose, the warping in the Niagara district appears to have 
been a foot and a quarter in a century, and it was double that 
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amount at the outlet of lake Ontario, but almost zero j^t the 
head of lake Erie. 

13, History of the Niagara Ricer and Changes of the Out- 
lets of the Lakes, From a recently written paper I make the 
following extracts, concerning the changes and recession of 
Niagara falls (Plate VIII). Upon the dismemberment of 
Lundy water, the Niagara river came into existence, and for 
a time (taken as 1,000 years) drained the infant lake Erie 
without cascading over a fall. The waters of the lower lake 
slowly sunk so that the total hight of the fall was 200 feet, 
with only the drainage of the Erie basin, or about ^^ ^^ ^^^ 
modern volume of the water. The early falls are almost ex- 
actly reproduced in the magnitude of the American falls. The 
duration of the first episode is computed at about 17,200 
years. Again the waters subsided in the Ontario basin (80 
feet lower than now) so that the total descent was 420 feet. 
At that time the falls receded by three cascades (like the Gen- 
esee of to-day), at first with only the discharge of the Erie 
basin and afterwards with the drainage of all the upper lakes. 
This condition is computed to have lasted 10,000 years. Then 
succeeded one united fall of 420 feet, which lasted 800 years. 
Finally the northeastern part of the Ontario basin rose so that 
the descent of the river waters was reduced to 365 feet and 
afterwards to about 820 feet (the downfall from the head of 
the rapids above the falls to the lake below). This adds 8,000 
years to the age of the falls. Thus, it can be seen that the 
age of the Niagara river is computed to be 32,000 years. It is 
now well established that the three upper lakes have dis- 
charged only a comparatively short time into the Erie basin, 
having formerly sent their waters to the Ottawa river. This 
change in the direction of the outlet is calculated at 8,000 
years ago, when the northeastern terrestrial tilting turned the 
drainage into the Erie basin. 

About fifteen hundred years ago, the differential uplift in 
the Niagara district and the recession of the falls through the 
Johnson ridge, a short distance below the present site of the 
falls, were competing for the mastery, and in the meanwhile 
the four upper lakes rose so high as to commence to send their 
waters to the Mississippi river. But the ridge was cut through 
and the waters were lowered to the exclusive Niagara drain- 
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age. If the terrestrial elevation of the land shall continue as 
for the last 1,500 years, the barrier across the outlet of lake 
Erie must rise so high as to turn the drainage of the lakes into 
the Mississippi, by way of Chicago; and it is computed that 
the end of the Niagara river and falls, under such conditions, 
will be about 5,000 years hence. 

All these estimntos are based upon the rate of recession of 
the" falls and the amount of work done in each episode, as dis- 
covered in working out the history of the lakes. In 1842, 
Prof. James Hall made the first instrumental survey of the 
falls. The next was made in 1875 by the Coast Survey. In 
1886, Prof. R. S. Woodward made the third; and in 1890 Mr. 
Aug. S. Kibbe made the last. From these four surveys, the 
mean rate of recession of the falls (that is, the mean elonga- 
tion of the gorge) was found to be 4.17 feet a year. But the 
river in the region of the falls is now crossing a pre-Pleisto- 
cene valley, where the hard surface rocks have been removed 
for 80 or 90 feet in depth beneath the rocky^ ridge crossing 
the course of the canyon a short distance below the present site 
of the falls. Thus the amount of work now being done by the 
river is much less than the average demand upon the stream 
during the greater part of the life of the river. Before 1875 
all statements as to the age of the river were pure conjectures, 
but that of Lyell was nearly correct. The estimates made 
upon the retreat of the falls alone have proved to he not even 
so accurate, although the method was better as far as it went ; 
but it stopped short of the history of the falls. Again, spec- 
ulations as to the ancient Niagara flowing down by the Whirl- 
pool-St. David's valley have been disproved by the rock which 
crosses that course hundreds of feet above the lake level; in- 
stead, the Niagara here touches a little buried tributary of an 
ancient stream to the west. 

In conclusion, the Niagara falls serve as a chronometer of 
geological time, as they give some idea of the epoch of the 
lakes. If the Ice age ended with the birth of Warren water, 
then we can n>ughly estimate it to date back some 50,000 or 
60,000 years. At the birth of the Niagara river and falls, and 
long before, there was no ice barrier in the Niagara district. 
Lastly, if wo regard the Iroquois water as at any time ob- 
structed by ice, such conditions have not existed since the 
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close of the episode which ended 14,000 years ago. Whilst, 
however, the date of the decadence of the Ice age in this region 
is told, the falls do not necessarily record its termination in 
other and distant regions. 

IJf. Recurrent Drainage of the Great Lakes into the Mis- 
sissippi lUver by way of Chicago, Long ago, Dr. E. Andrews 
described the deserted beaches south of Chicago, and found 
that the highest reaches an elevation of 45 feet above the 
lake. For many miles around the head of the lake, the de- 
serted shores are found far inland. There are other raised 
beaches near the lake. The different sets form an apparent 
succession, but in reality there is confusion between the old 
water-margins and the very recent beaches. The low plain at 
the head of the li^ke rises so gradually that at the divide be- 
tween it and the Mississippi drainage southwest of Chicago it 
is only eight feet above the lake, with a rocky floor a foot or 
two lower (canal survey). In proceeding northward along 
the margin of the Michigan basin, beaches are found emerg- 
ing from beneath the waters. From the measured deformation 
of the various sets of deserted shores, the depth to which 
the tilted beaches are depressed beneath the lake can be 
calculated.* These record the shrinking of the lake from the 
highest level south of Chicago to others even hundreds of feet 
beneath. 

The Ridgeway beach extends from the Erie basin across 
southern Michigan, by way of Saginaw bay and the Grand 
river valley, and southeast of lake Michigan it descends and 
is lost in the sand dunes of that region ; but, with the meas- 
ured rate of deformation, it is computed to pass about 40 feet 
beneath the surface of the water. The Forest beach, the last 
strand of Warren water, is about 100 feet lower. The still 
lower Algcmquin beach (the great shore line of the dismem- 
bered upper lakes) occurs well defined about the northern 
half of the lake (Andrews and Taylor); but if produced to 
the southern end of the basin, it would be submerged between 
250 and 800 feet. There are other lower and less important 
deserted shores; but all these represent the subsiding of the 
lakes during the time of discharge of the waters of lake Huron 

***Hi;rh LfVfl Shur»'s in the n*iiion of th«* (in-at I^akt*s and thoir IH*- 
formaiioii," b«'Ior»' cil«'(l. 
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by way of the Ottawa river, which is found to have drained 
the Huron, Michigan and Superior baains for about 24,000 
years. 

The highest of the beaches about the head of lake Michigan 
(at 45 feet) has been regarded as the equivalent of the Mau- 
mee beach, or not a lower strand, and therefore the oldest well 
defined beach of the region, although it is only a few feet 
above the present and recently deserted shores. 

Owing to the terrestrial deformation, the Ottawa outlet of 
the Huron basin was closed by the rim being raised so high as 
to turn the overflow into the Erie basin. This northeastward 
uplift also affected the outlet of the Erie basin, and on ac- 
count of the presence of the Johnson ridge, about a milo north 
of- the present site of the falls of Niagara, caused an actual 
overflow of the drainage of all the upper lakes into the tribu- 
taries of the Mississippi. At that time the lacustrine silts 
upon the prairies at the head of lake Michigan were laid down. 
But the Niagara falls were receding at the rate of about four 
feet a year and completed the incision through the Johnson 
ridge about 1,500 years ago,* thus overcoming the terrestrial 
uplift of the Niagara district (which is about a foot and a 
quarter a century), and then the level of lake Erie was lowered 
to about 17 feet below the Chicago divide. The slightly raised 
beaches, about the head of lake Michigan mark this late sub- 
siding of the waters. The lowering of the waters by the 
recession of the falls has preserved the present outlet of the 
lakes for a further period, but if the late rate of terrestrial 
deformation shall continue in the future, the drainafe of the 
upper lakes will be diverted from the Niagara into the Missis- 
sippi in perhaps 5,000 or 0,000 years, so that this result will 
be reached before the falls shall have receded to Buffalo. 



DRAINAGE SYSTEMS OF THE CARBONIFEROUS 

AREA OF MICHIGAN. 

By E. H. Mudge. Belding. Mich. 

The rock formations of Michigan commonly referred to the 
( -arboniferous period, include the Subcarboniferous limestone 

♦"Deformation of tlu* Liindy J{<'ach and IJirlh of I^ake Eri»\*' b»»fore 
cii«'d. 
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and the Coal Measures proper. The former is of limited de- 
velopment and often entirely wanting. The area occupied by 
these formations is roughly circular in form and is located in 
the central part of the lower peninsula. It covers not far 
from 10,000 square miles, including fourteen entire counties 
and parts of as many more. 

Boundary of the District. 
The surface is so generally covered with drift that its exact 
limits cannot be readily ascertained. Much of the boundary, 
however, may be located with reasonable accuracy from the 
presence of occasional outcrops. According to Prof. Romin- 
ger (Geol. Survey of Mich., vol. iii, 1876), the boundary is 
about as follows: Commencing at a point on Saginaw bay, 
in the northern part of Huron county; thence southwesterly 
in a gentle curve to the southern part of Jackson county, 
within about 30 miles of the southern state line; thence north- 
west to the vicinity of Grand Rapids, about 25 miles from 
lake Michigan; thence north, northeast and east with a sweep- 
ing curve, to the north shore of Saginaw bay, opposite the 
place of beginning. From Grand Rapids to the vicinity of 
Saginaw bay the location of the boundary is largely guess- 
work, owing to the heavy drift with which the region is cov- 
ered. 

Topography. 

A marked depression crosses the peninsula from Saginaw 
bay to the mouth of Grand river, dividing the Carboniferous 
area into two nearly equal parts. Its direction is southwest 
from Saginaw bay to the mouth of the Maple river, in Ionia 
county, thence west to lake Michigan. According to the late 
Prof. A. Winchell, one may cross the state along this line 
without reaching an altitude greater than 72 feet above the 
lakes. The highest point is in Gratiot county, probably in 
North Star township (T. 10 N., R. 2 W.), where the waters 
flowing into the Had and Maple rivers separate. The northern 
and southern portions of the district incline gently to the 
central depression. The point where this depression crosses 
the western margin of the Carboniferous area is but a few feet 
above lake Michigan, the site of the union depot in Grand 
Rapids, having an altitude of only 20 feet. The eastern end 
of the depression merges into Saginaw bay. From these two 
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low-lying points the boundary rises in each direction. The 
northern rim attains an altitude of about 500 feet, reaching 
well up toward the high northern plateau. The elevation of 
the southern margin is perhaps a little greater. 

The Drainage Systems. 

An inspection of a geological map reveals at once an inti- 
mate coincidence between the drainage areas of the district 
and the limits of the district itself. The boundary as above 
described, except where it crosses the central depression, 
marks, approximately, the watershed between the streams 
draining the district and those flowing in various outward di- 
rections. This peculiarity is more particularly noticeable 
along the southern margin of the territory. From the vicinity 
of Grand river on the west, to Howell on the east, a distance 
of about 150 miles, the coincidence is nearly continuous, the 
only notable exception being in Calhoun county, where the 
northern branches of the Kalamazoo, rising some distance 
within the district, flow outwardly across the border. From 
Howell northeast to Saginaw bay, the boundary is some dis- 
tance west of the watershed, the eastern members of the Sagi- 
naw river system rising outside the district and flowing in- 
wardly. On the northwestern border for a distance of seven- 
ty-five miles, the Muskegon river is within the boundary and 
only a few miles from it, thus apparently contradicting the 
rule laid down above. Nevertheless the rule is in some de- 
gree applicable, as will be seen later on. 

There are two principal river systems in the district, the 
Grand and the Saginaw, which carry off nearly all the water 
falling within it, and but very little from outside territory. 
The line of separation between them 'runs from the margin of 
the district in Livingston county in a general northwest di- 
rection to Mecosta county. The territory drained by each is 
broad and irregular in shape, while nearly every other stream 
of importance within the state occupies a more or less elongated 
valley. The only remaining river worthy of mention within 
the district is the Muskegon, which drains a narrow strip on 
the northwestern margin. 

Gknesis of the River Systems. 

That the history of all the streams in this region dates 
from the close of the (ilacial period is quite apparent. For 
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the most part there is no evidence to show that they occupy 
the sites of preglacial river valleys. With few exceptions 
their courses were determined by the conditions existing 
during the period of the disappearance of the ice-sheet. To 
understand those conditions clearly, a brief glance at the pre- 
glacial aspect of the Carboniferous area will prove of value. 

The close of the Devonian found this area isolated from the 
main ocean, having been entirely surrounded by deposits of 
that age. It, however, retained one or more outlets through 
which its surplus waters were discharged. During the nu- 
merous oscillations to which the land was subjected during 
Carboniferous time this area was alternately an open sea in 
which heavy sandstones were deposited and an extensive 
swamp sufficiently stable to support a luxuriant flora. In 
either case there was always a large amount of surplus water, 
and hence the existence of the outlet was probably continu- 
ous. Now, when this inland sea was finally filled by the con- 
tinued formation of off shore deposits the central part was 
presumably the newest and hence the lowest, giving a slightly 
concave form to the surface; the concavity being broken 
through at the points occupied by outlets. It seems probable 
that these outlets were two, one to the east discharging its 
waters through the St. Lawrence valley, the other flowing to 
the west for some distance and then south to the ocean. 
Starting in this condition the area was subjected for some 
millions of years, during Mesozoic and Cenozoic time, to un- 
interrupted erosive influences. The result was a transforma- 
tion of the circular concave surface to a trough-like configu- 
raticm ; the main drainage channels occupying the line of 
least elevation across it, 'and the northern and southern por- 
tions sloping to the cent^^r. At this stage of the erosive 
process the country was overwhelmed by the glacial invasion. 
It is already obvious to the reader that the present configura- 
tion is not particularly different from that just outlined. The 
central depression is still a marked feature, and the two lat- 
eral portions incline gently towards it. The glacial forces 
modified it, but could not obliterate it. Its origin therefore 
dates from the close of the Devonian age. We are now pre- 
pared to consider intelligently the origin of our river systems. 

Glacialists are generally agreed that the direction of ice 
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movement over the lake region was from northeast to soutli- 
west, with local variations caused by river valleys or other 
already existing surface irregularities. Thus, it is presumed 
that lakes Huron and Michigan mark the sites of former im- 
portant streams, in the valleys of which the erosive force 
exerted was necessarily much greater than on the highlands, 
and hence the formation of the broad lake basins. This in- 
tense erosive force was also felt in the valley of the eastern 
Carboniferous outlet, and Saginaw bay was the result. When 
the continental glacier receded and thinned out, its margin 
took the form of great lobes which occupied the lower por- 
tions of the land. A branch of the great lake Erie lobe occu- 
pied Saginaw bay and valley and extended far across the 
country to the southwest. In its retreat it gave rise to two 
whole families of rivers. 

The origin of Grand river was fully described by the writer 
in the American Geologist for November, 1898. It was briefly 
as follows : The Saginaw glacial lobe having retreated over 
the watershed near the southwestern boundary of the Carbon- 
iferous district the accumulating waters flowed to the north 
and west aloilg its front before rising high enough to pass 
over the watershed. 

Retreating to the northeast down the gentle slope of the 
country, the waters were again unable to rise to their recent 
outlet, the Grand, and a second river, the Cedar, was formed. 
It flowed to the west, uniting with the Grand near Lansing. 
Leaving the Cedar in an established channel, the glacial lobe 
continued its recession down the slope, and in a similar man- 
ner gave birth to the Looking-glass river. This also flows to 
the west, reaching the Grand at Portland. Still later that part 
of the Maple south of the central depression was formed, 
probably in the same manner. All these streams flow at 
an angle with the natural inclination of the surface. 

Though these conclusions have not been reached through a 
personal visit and examination of all the streams, it is be- 
lieved that they are entirely warranted. The problem in brief 
is this: Given a glacial lobe retreating slowly down a gentle in- 
cline, and hemmed in at one side and in front by an elevated 
ridge, to determine the direction of flow of the waters result- 
ing from its waste. It is clear that they would escape in the 
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lateral direction remaining open to them. Now these are ex- 
actly the conditions existing here. The circular form of the 
watershed skirting the southwestern boundary of the district 
made it impossible for the waters to escape in any other di- 
rection than* that taken by the rfvers mentioned. 

The second family of rivers originating in connection with 
this glacial lobe was the Saginaw system. This consists of 
the Cass, Flint, Shiawassee and Tittabawassee rivers, which 
unite into a single stream some fifteen or twenty miles above 
the head of Saginaw bay, and not more than six or eight feet 
above its level. To make out their origin in detail would re- 
quire further careful investigation, but some conclusions or 
inferences may be safely drawn. These streams, as a system, 
flow in the direction of glacial retreat, that is, down the val- 
ley. It may, therefore, be inferred that they did not originate 
in the escape of glacial waters. The courses of the Cass and 
Tittabawassee are, however, a little abnormal. The former 
rises to the southeast of Saginaw bay, while the latter has its 
source far to the northwest. Instead of flowing directly down 
the slope to the bay, both of these streams take a course at an 
angle with the inclination of the surface and meet at Saginaw 
City, together forming a semicircle about the head of the 
bay. Small streams rising near them flow direct to the bay. 
The natural inference is that their peculiar courses are due 
to a line of morainal embankments formed about the circular 
front of the glacier. 

It seems to me hardly probable that the great Erie-Huron 
glacial lake ever occupied this valley, or that it ever had an 
outlet through the pass to Grand river, as some have inferred* 
Such a body of water, remaining for a considerable time» 
would have so leveled and modified its bottom that the 
streams would not, after its disappearance, have taken the 
abnormal course above described. It is more likely that the 
Saginaw valley was at that time still blocked with ice. A 
smaller lake may have existed in front of the Saginaw lobe. 

One more important stream, not related in origin to those 
just described, remains to be mentioned. The Muskegon rises 
in the north central part of the i>eninsula and flows directly 
southwest to lake Michigan, draining an area 125 miles long, 
with an average width of only about 25 miles. The form of 
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this valley is rather flat, the center being depressed about 200 
feet below the marginal portions. The northwestern Carbon- 
iferous boundary is within this elongated valley for a distance 
of 75 miles. Our conclusions in regard to the origin of this 
valley and river are of a somewhat more speculative nature 
than the foregoing. Nevertheless, some interesting generali- 
zations may be drawn. 

It is worthy of notice, in the first place, that this valley oc- 
cupies exactly the place where one would naturally expect to 
find the backbone of the peninsula — the line of water-parting 
between the streams flowing west to lake Michigan and those 
flowing southeast to Saginaw bay and the central depression. 
It is as though the original watershed had been for many miles 
longitudinally cleft by the river into two roughly parallel 
watersheds. To learn the origin of these remarkable condi- 
tions is the problem before us, to which the circumstances 
suggest two possible solutions. 

The first is that the line of first separation between the 
eastern and western ice lobes was along the line of highest 
elevation ; and upon this highest ridge, flanked by the sepa- 
rating lobes, the river was formed by the glacial waste and 
established its permanent course. This theory is, in effect, a 
modiflcation of that applied by Mr. McGee to certain rivers of 
northeastern Iowa (Eleventh Annual Report, U. S. Geol. Sur- 
vey, pp. 218, 219, 286). While this theory applies very nicely 
to the river, it seems quite plain that the valley did not orig- 
inate in this manner. The time since the Glacial period has 
been too short to permit the formation of so wide a valley; 
and besides, its surface is now covered with drift materials 
and dotted with small lakes, many of them being near the 
stream channel, indicating that it was ice-covered after its 
present form was attained. 

The second theory is more complex and ditticult to work 
out in detail. It is suggested by the fact that for so long a 
distance the valley coincides with the Carboniferous bound- 
ary. If this valle}' is of preglacial origin we naturally assume 
that it was the result of stream erosion. The question then 
arines, Why should the ancient stream follow so persistently 
the strike of the undisturbed Carboniferous strata, rather 
than their natural inclination? This is a most difficult prob- 
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lem to sh^d light upon, but I would suggest that along this 
shore of the ancient sea a long line of sand bars may have 
been built up of the sediments brought in by inflowing 
streams. The channel between these and the mainland may 
have served in later time, when the swampy land had further 
extended itself, as a watercourse, conducting the surplus 
water aroiyid the margin to the western outlet. Such a stream 
might finally establish itself and excavate a valley. In sup- 
port of this it is worthy of mention that at the present time a 
very slight deflection of the Muskegon river in Newaygo 
county, just before it leaves the Carboniferous area, would 
cause it to continue within the boundary until it reached 
Grand river and the central depression just above Grand 
Rapids through the valley now occupied by the Rouge river. 
The latter heads in Rice lake, within three miles of the Mus- 
kegon and at about the same or a slightly lower level. 

In closing we wish to acknowledge our indebtedness for the 
elevations and general surface configuration, on which this 
paper is based, to a most excellent contour map of the stat^?, 
prepared with much labor by the late Prof. Alexander 
Winchell. 



THE MINERALOGICAL CHARACTERS OF CERTAIN 

NEW JERSEY LIMESTONES. 

By Lewis G. Westgate. Evanston, III. 

It is the aim of the present paper to describe briefly the 
mineralogical characters of certain of the white or cr3'stalline 
limestones occurring in Warren county. New Jersey. These 
limestones occur along the eastern border of Jenny Jump 
mountain, near its northern end. They are here associated 
with Archa?an granitoid gneisses, and are cut by dioritic 
eruptive rocks. 

The rocks under consideration are crystalline limestones. 
In grain they vary between a rather fine-grained crystalline 
limestone, not unlike ordinary marble, and u coarse rock in 
which the faces of the calcite grains are relatively large. In 
color the rock varies from a pure white, through shades of 
gray, to red. Where foreign material is present in abund- 
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nnce the rock locally takes on other colors. With regard to 
the chemical composition of these limestones the writer has 
nothing new to offer. The crystalline limestones in other 
parts of the state show all gradations from a pure lime-car- 
bonate to a typical magnesian limestone, and the rocks of the 
area under consideration probably have much variation in the 
. amount of magnesia present. Below is an analysis* of a 
sample of crystalline limestone from the east side of Jenny 
Jump mountain : — 

Lime 42.45 

Ma^'nesin 10.23 

Oxide of iron and alumina 1.00 

Carbonic acid 44.07 

Silicic acid and quartz 1.95 

This indicates an intermediate rock between a pure limestone 
and a magnesian limestone. 

Lithologically the rock varies greatly, but mainly in the 
presence and character of the accessory minerals. Crystal- 
line calcite is usually the principal and sometimes the only 
mineral present. The rock is then composed of an aggregate 
of irregular grains of calcite. The rock is rarely, however, a 
pure limestone, but almost always carries a greater or less 
amount of accessory minerals, and it is with these that this 
paper is chiefly concerned. In the field the limestone is often 
seen to be streaked with greenish or black irregtilar masses or 
concretions. When examined under the microscope these are 
seen to be composed mainly of pyroxene, hornblende, magne- 
tite and biotite. Other accessory minerals are often present 
in the limestone, such as quartz and, more rarely, tourmaline 
wnd apatite. Graphite and garnet were seen in the rock in 
certain places in the field, but were not present in any of the 
slides examined. 

Pyroxene is perhaps the most abundant of these accessory 
minerals, and occurs in greenish patches in the limestone. 
Under the microscope it is monoclinic, has a well-developed 
prismatic cleavage, is colorless or very pale green, and non- 
pleochroic. It is probably closely related to malacolite, which 
agrees with it in optical properties and place of occurrence. 
It occurs in large, sometimes irregular, but more generally 

♦Geoloj^'v of New Jersey, Cook, 1808, p. 402. 
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rounded grains, either scattered through the rock or collected 
into aggregates. It does not possess well-developed crystal 
planes. The pyroxene has very frequently altered to serpen- 
tine. Limestone is often found, hand-specimens of which are 
speckled with small greenish rounded masses of serpentine. 
Under the microscope these greenish masses are seen to be 
aggregates of serpentine, generally associated with granular 
magnetite and sometimes other decomposition products. 
Often, however, undecomposed fragments of pyroxene are 
seen embedded in the midst of the serpentine aggregate, show- 
ing that the serpentine has originated in the decomposition of 
the pyroxene. When serpentine occurs in the white lime- 
stone it is generally in such small masses, derived from the 
alteration of isolated grains of pyroxene. 

Brown biotite occurs frequently in the limestone in large 
rounded grains, often beautifully fresh. Green monoclinic 
hornblende occurs, sometimes very abundantly. It is dark 
green in color and is present in irregular grains in the basic 
concretions in the limestone. Quartz is abundant. Apatite 
is frequently present in irregular grains. Tourmaline occurs 
rarely. Graphite was sometimes seen in the limestone in the 
field, but is not a widespread mineral. In one or two outcrops 
considerable quantities of red garnet wer^ seen in the lime- 
stone. 

In some places quartz is an abundant accessory mineral in 
the limestone. It usually occurs in small grains or masses, 
and the limestone then has the appearance of holding small 
pebbles of quartz. Sometimes these pebble-like masses of 
quartz are an inch or more in diameter. Under the microscope 
the quartz of these masses is seen to occur in very irregular 
grains, with a wavy extinction, and having the appearance of 
vein quartz. There is nothing to suggest that they may have 
had a detrital origin. They are probably nietamorphic. 

There are two special types or varieties of rock associated 
with the white crystalline limestones of Jenny Jump moun- 
tain which call for special mention. These varieties are: — 

(1) Pyroxene-rock. 

(2) Quartz-rock. 

The typical pyroxene-rock consists wholl}' of irregular or 
rounded grains of colorless monoclinic pyroxene. Very fre- 
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quently quartz is associated with it and in one slide consider- 
able amounts of biotite. In the hand-specimen it is a uniform, 
light-green, medium-grained rock. 

Quartz-rock also occurs abundantly within the limestone 
area. In the hand-specimen it is simply gray massive quartz. 
Microscopically, it consists wholly of extremely irregular and 
interlocking grains of quartz, usually with a wavy extinction. 
Pyroxene, graphite and magnetite occur in gVeater or less 
amounts associated with quartz in this rock. The term 
t|uartzite, which is applied to bedded quartz rock of detrital 
origin, is inapplicable here, for the rock under consideration 
is of an altogether ditferent origin, as will be shown below. 

In typical examples these two rocks are wholly distinct and 
consist of pure aggregates of pyroxene and quartz respect- 
ively. But practically the rocks grade into each other by a 
complete series of intermediate forms. The pyroxene-rock 
generally carries more or less quartz which locally increases 
in amount until it makes half the rock. From this interme- 
diate quartz-pyroxene-rock there are all gradations to a pilre 
quartz rock, owing to the gradual relative increase in the 
amount of the quartz over the pyroxene. In considering their 
origin they may be treated together, for they are the two ex- 
tremes of a single continuous series. 

These two rocks are explained as being local phases of the 
limestone due to the local development, on a large scale, of 
the common accessory minerals, pyroxene and quartz. This 
is shown by the following facts: — (1) Near the north end 
of the mountain a dike of diabase cuts across the limestone 
area in an east and west direction. On the south side of the 
dike the rock at the contact is a quartz-rock holding patches 
of greenish pyroxene; further away it is a greenish pyroxene- 
rock without quartz; still further south it is crystalline lime- 
stone. These three varieties grade into each other. The 
relation of the quartz-rock to the diabase dike is accidental, 
for at many other points in the limestone the quartz-rock and 
pyroxene-rock occur at a distance from an^' eruptive. Other 
examples of the gradual passage from crystalline limestone 
into quartz-rock and pyroxene-rock can be given from the 
same region. (2) The accessory pyroxene of the normal 
crystalline limestone is the same in external appearance and 
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microscopic characters with the pyroxene of the pyroxene- 
rock. (8) Graphite scales are found in the quartz-rock as 
well as in the crystalline limestone. 

The pyroxene-rock and quartz-rock appear to result from 
the development, on a large scale, of accessory minerals which 
are common everywhere in the limestone. The reason for 
their development is not known. It does not appear to be due 
to local metamorphism by eruptive rocks, but is rather a result 
of the general metamorphism which the limestone has under- 
gone. 

Magnetite, as has already been shown, is one of the most 
abundant accessory minerals of the limestone and occurs in 
irregular grains and aggregates. In some places this magne- 
tite increases in proportion to the caleite until it forms the 
whole, or nearly the whole, of the rock, the caleite then being 
wholly absent or occurring in small amounts between the 
grains of magnetite. The rock is then frequently mined as an 
iron-ore. There are all gradations between a pure crystalline 
lidiestone and a typical limestone iron-ore. The origin of the 
limestone iron-ore is the same as the origin of the accessory 
magnetite which occurs in scattered, irregular grains in the 
white limestone. It seems most probable that both are de- 
rived from iron included in the limestone as an impurity at 
the time of its formation. The magnetite occurs in the lime- 
stone in scattered grains and in masses, and in beds. Where 
it forms beds it differs from its occurrence in isolated grains 
only in its relative abundance, and the beds of limestone iron- 
ore grade into the pure limestone beds above and below. These 
beds may be due to primary deposition as beds, or, as seems 
more probable, to a later segregation of isolated grains into 
planes, either bedding-planes or planes . of secondary origin 
due to dynamic action. 

It is not purposed here to enter into a discussion of the 
origin of these accessory minerals of the crystalline limestone. 
The limestones are cut by numerous eruptive rocks, mainly 
diorite and pegmatite, and, in a less degree, diabase. It does 
not seem probable that the accessory minerals are the result 
of local metamorphism by these eruptives, for the minerals 
occur widely and uniformly disseminated throughout the 
limestone and at a distance from the eruptives. Further, they 
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do not occur more abundantly where the white limestone is 
cut by the eruptives than they do elsewhere. The more prob- 
able explanation of their presence and abundance lies in the 
general metamorphism which the region has suffered, result- 
ing in the complete crystallization of the limestone and in the 
production of the abundant accessory minerals from the im- 
purities which it contained. 



THE VENTRAL ARMOR OF DINICHTHYS. 

By Albert A. Wright. Oberlin. Ohio. 
(Plate IX.) 

The reconstruction of the great placoderm Dinichthys still 
lacks much of completion. Although many important points 
have been made out, through the enthusiastic labors of the 
collectors, Hertzer, Gould, Kepler, Terrell, and Clark, and the 
descriptions of Newberry and Claypole, all of which consti- 
tute one of the most interesting and important chapters in 
American paleontology, it is still true that much yet remains 
to be done, owing to the scattered and often fragmentary 
condition of the material upon which reconstruction depends. 
Every year that field work is continued brings to light some 
new evidence as to the relative position of the plates and skel- 
etal elements of this fish. 

It is owing to the existence, in the museum of Oberlin col- 
lege, of some new and more perfect material than was in the 
hands of Dr. Newberry, that I am enabled to present a recon- 
struction of the armor that defended the ventral surface of 
Dinichthys. A description of this material was prepared in 

April, 1893, for the (now) forthcoming volume of the Ohio 

< 

Geological Survey; and it is through the courtesy of the di- 
rector. Dr. Edward Orton, that I am enabled to present the 
plate and cuts which accompanied that description here, in 
connection with this briefer summary of the facts. 

The only accounts of the ventral armor of Dinichthys which 
have hitherto been published are those by Dr. Newberry in the 
report of the Ohio Survey* and in his monograph upon the 

*()hi() Ck'oI. Surv«*y, Paleontology, vol. ii. 
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Paleozoic fishes of North America.* In the first of these he 
gives an outline figure of Pander's restoration of the ventral 
armor of Coccosteus, which is here reproduced (fig. 1), ae- 




FiCf. I. Ventral armor of Coccosteus decipUns \g. Natural size. 

(Pander's restoration.) 

eompunied by a similar outline of the ventral armor of Dinich- 
thys, also herewith reproduced (fig. 2). In both these figures 
it will be seen that there is an anterior pair and a posterior 
pair of ventral plates. On the median line there is, in the 
rase of Coccosteus, a lozenge-shaped bone in the center, over- 
lapped by both pairs of ventral plates, while anteriorly there 
in a triangular bone, the "antero-ventro-piedian." On the me- 
dian line of the Diniehthys armor there is apparently only one 
♦'longated bone which corresponds in position with the two 
medians of Coccosteus. The ventral armor of Diniehthys was 
thus supposed to consist of these five bony plates: 

One pair of anterior ventro-laterals, 

(Jne pair of posterior ventro-laterals. 

One ventro-median. 

•r. S, Ci«H>l. Survey, Monographs, vol. xvii. 
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At the time the monograph was written it was thought by 
Dr. Newberry that he had material representing two addition- 
al pairs of plates which protected the under side of the head. 
These were considered to be the "jugulars" and the "post- 
jugulars" or "hyoids," the latter pair overlapping the former 
pair where the extremities met. In all, therefore, nine bones 
have hitherto been referred to definite positions upon the 




Fig. a. \'entral armor of Dinichthys terreUi N., one-twelfth natural size. 

(Dr. Newberry's first restoration.) 

under side of the fish, a jugular series of four and the above 
mentioned ventral series of five. This, 1 think, was Dr. New- 
berry's latest conception of the arrangement of these plates, 
although he himself made some alterations in his first identi- 
fications of the bones. 

Prior to the publication of the monograph, specimens had 
been obtained which showed that the pair of supposed poste- 
rior ventral plates really belonged upon the sides of the head ; 
and in that work they are figured in their true position and 



316 The American Geologist. November. UM 

more fully described as the suborbitals. The vacancy thus 
created in the ventral shield was not positively filled by any- 
thing described in the monograph. The subject is alluded to 
as follows: "No figure is given of the plates which are sup- 
posed to have formed the posterior half of the plastron, be- 
cause no perfect ones have been found ; but I have numerous 
fragments of relatively large plates which must have been 
oblong in form and had the moderate and uniform thickness 
and plainness of surface which characterize the plates that 
defended the under side of the body. As they are apparently 
assignable to no other place in the armor of Dinichthys, I 
provisionally locate them here."* Specimens of each of the 
other bones, except the median, are figured in the mono- 
graph, that is to say, the anterior ventro-lateral of two spe- 
cies, a single hyoid? and a single jugular; but these are all 
isolated and no diagram or figure is given which groups them 
in their relative positions in the armor as a whole. 

A careful study of the new and well preserved material in 
my hands convinces me that the ventral armor of Dinichthys 
must be reconstructed as follows : 

1st. The anterior ventro-laterals should remain in the posi- 
tion to which they were first assigned by Dr. Newberry. 

2d. The bone figured as ''hyoid" with an interrogation 
mark in the monograph was probably assigned to its position 
on insufficient evidence, and its true relations are still prob- 
lematical. 

3d. The arched "jugulars" must be transferred to the pos- 
terior end of the ventral shield, where they constitute the 
posterior ventro-laterals, the arched border being directed 
backwards instead of forwards. They thus fill the vacancy 
caused by the removal of the suborbitals to the sides of the 
head. 

4th. The median plate or plates should doubtless retain 
their place as previously described by Dr. Newberry. I have 
seen no specimens of these, but the rearrangement proposed 
will scarcely atfect them. 

By these changes the "jugulars" and "hyoids" disappear^ 
and the armor or other structures upon the under side of the 
head remain to be discovered. 

♦op. cit., p. i:w. 
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The facts which compel this reconstruction are as follows : 

Ist. The so-called "jugulars" and the anterior ventrolat- 
erals were certainly contiguous and overlapping plates. Their 
natural relative position is that shown in plate IX, in figures 
1 to 7, in which 1, 2 and 5 represent anterior ventrals and 8, 
4 and 7 the so-called "jugulars." This relation is proved by 
the perfect fitting of the overlapping portions. Upon each of 
the "jugulars" there is a triangular, depressed area, shown in 
the upper portion of fig, 9, for the reception of an overlapping 
bone, and into this depression the thin, triangular extremity 
of the anterior ventral fits perfectly. The bones represented 
in figs. 1 to 4 are known to have belonged to a single individ- 
ual, of which the cranium, mandibles and other bones to the 
number of eighteen were found together at one time and 
place. Numbers 5 and 7 of the plate were also found together 
at a different point. Here then are three cases in which the 
perfect overlapping proves that the so-called "jugulars" were 
the companions of the anterior ventrals. The case is so clear 
that I have no hesitation in saying that this relation of the 
plates in question is demonstrated. 

2d. The "hyoid" ? bone which was figured in the mono- 
graph and believed to overlap the "jugular," is not shown to 
have the shape necessary for filling the depressed area in the 
jugular, nor is it indicated which end of the plate occupied 
this area. It is excluded from the association assigned to it 
by the facts already stated ; and while it may have occupied 
a position in the hyoid region, the grounds for assigning it to 
such a position seem now to be uncertain. 

8d. The size of the so-called "jugulars" is rather large, and 
the curvature of their outline rather strong, for the position 
to which they were first assigned. In the first case here fig- 
ured (plate IX, figs. 8 and 4), the "jugulars" measure 16 inches 
in length. The curved border also measures 16 inches to the 
lateral angle, that is, along the margin which is supposed to 
have lain against the inner side of the mandible. The mandi- 
ble of the same individual, however, was only 14^ inches in 
total length. Other specimens of the "jugulars" have been 
found of enormous size. For instance, one was discovered 
near Columbus, Ohio, to which my attention was drawn by 
Dr. Claypole, who kindly furnished me a tracing of it. This 
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plat€ was fully 80 inches in length, a length greater by six 
inches than that of any mandible known. It is, of course, 
possible that the jugular may have exceeded the mandible in 
length, but we know that the mandibles of Dinichthys were 
capable of the freest and most vigorous action. 

In the large "jugular" just referred to, the curvature of the 
outer margin was strong, and similar to that of figs. 3 and 4 
of the plate, where, with a length of 16 inches, we have a 
breadth (of the pair) of 14 inches. The curvature here is far 
greater than that of any mandible which I have ever seen. 
The curvature of the mandibles, indeed, is very slight. The 
single "jugular,"' however, of which Dr. Newberry figures the 
inner and outer aspects,* is of the type shown in fig. 7, where 
the curvature of the outer border is much reduced. It is 
aside from my present purpose to discuss the question whether 
the two types of plates here shown belong to the same species 
or not. I will only remark, in passing, that the plate figured 
by Dr. Newberry is referred by him to Z>. terrclli\ while those 
shown in figs. 3 and 4 of the present paper are known to be- 
long to /). terreUi by the structure of the dentition upon 
which the species was founded, and which was preserved 
along with the plates in question. 

As we consider, therefore, the large size and the strongly 
curved border of the plates which have been called "jugulars," 
we may be the more willing to see them transferred to the pos- 
terior portion of the ventral armor, where they are freer from 
limitations as to size and shape. 

4th. This rearrangement of the plates brings the "plastron" 
of Dinichthys into more striking agreement with that of Coe- 
costeus (fig. 1 in text) than did the first reconstruction by Dr. 
Newberry. To the harmonies which he pointed out,f the fol- 
lowing may be added : 

(a) The overlapping of the posterior plates by the extremi- 
ties of the anterior plates. 

(b) The overlapping of the right posterior plate by the left 
posterior plate along the median line. 

(c) The sinuous line of overlapping between the posterior 
plates in both genera. 

♦Moii<»«:r;tph. PI. vi. 

fOhio Ci(H»l. Survey. Pal(H>ntulogy. vol. ii. p. 1). 
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(d) The less breadth of the posterior plates behind than in 
front. 

The foregoing facts seem to furnish a good basis for the. 
rearrangement of the ventral plates of Dinichthys. It is to 
be regretted that we are not yet able to bring the ventral 
armor into positive connection with the cephalic or dorsal 
armor, or with the position of the pectoral fins. The anterior 
ventro-lateral plates have their outer margins rabbeted for a 
certain distance, along which they were probably sutured to 
some other plate not yet identified. A large number of plates 
are in the hands of collectors and museums, for the correct 
location of which no sufficient clues have yet been found. 

Concerning the structure of the bones represented in the 
plate, it may be well to explain that figures 6 and 8 represent 
the inner aspect of the respective bones, and the radiating 
lines show the direction of the grain or fibrous structure, 
which is more distinctly seen upon the inner than upon the 
outer surfaces. Fig. 8 represents a magnificent anterior lat- 
eral, the largest and most perfect, I think, which has yet been 
found. Several cross-sections of it are given to show the 
thickness and the structure of the border. In figure 3 (and 9) 
a remarkable device is seen by which it interlocks with figure 
4 in such a manner as to prevent longitudinal displacement. 
A strong, transverse, tooth-like ridge stands out on number 3 
which is received into a corresponding channel in the over- 
lapping number 4. In number 7 (which corresponds to num- 
ber 4) it would seem that the tooth to be received must have 
been much weaker. This device gives one m()i;e bit of evi- 
dence as to the turbulent life which was lived by these tyrants 
of the Paleozoic seas, and of the force of the attacks against 
which they were provided by their interlocking armor. 

EXPLANATION OF PLATP: IX. 

Fipures 1 to 4 roprest'iit tlie pairod boiifS belonging to the ventral 
armor of a single specimen of IHnichthyH terrtUi Newb., in their natural 
relative [>ositions. 

Fios. 1 and 2. Right and left anterior ventro-lateral plates. 

Fios. 3 and 4. Right and left iK)Sterior ventro-lateral plates. 

Fi08. 5 and 7. The left anterior and |K)Slerior ventro-lateral plates of 
another and larger individual, in their natural relations. The dotted 
lines at the anterior end of fig. 5 denote five very shallow, transverse 
channels, on the inner surface of the plate, which indicate the imping- 
ing border of a median ventral plate. 
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Fig. (J. The inner surface of the major portion of flg. 7. 

Fig. 8. The inner surface of the left anterior ventro-latcral plate of a 
third individual, a, b, c, and d, cross-sections of flg. 8, at right angles 
to the margin, at the points correspondingly lettered. 

Fig. 9. The same as fig. 3, with the overlapping plates removed. 

All the bones here figured were collected b}' Mr. J. Terrell from the 
Cleveland shale in Lorain and Huron counties, Ohio. 



PRELIMINARY NOTICE OF A NEW SPECIES OF 
TEMNOCYON AND A NEW GENUS FROM THE 
JOHN DAY MIOCENE OF OREGON. 

By John Everman, F. Z. S., F. G. S. A., Easton, Pa. 

The collection made by the Princeton Scientific Expedi- 
tion of 1889 in the John Day -'bad lands" of Oregon contains^ 
among many other interesting forms of Carnivora, an unusu- 
ally large form of Teninocyon, quite distinct from those de- 
scribed by Prof. Cope in his Tertiary Vertebrata, Almost 
the entire skeleton is preserved. I am under many obliga- 
tions to Dr. Scott for the free use of material from his mag- 
nificent collection, and still greater for very many valuable 
suggestions. 

Temnocyon, Cope. 

Talon of inferior sectorial trenchant; inferior molar 2 with 
trenchant crown and with no internal cusps. 

T. altigenis^ the type of this genus, is described by Cope in 
his Tertiary Vertebrata (vol. in, book i, p. 903). 

TEMNOCYON FEROX, sp. nov. 

Larger than the type species; cranium unusually well de- 
veloped, being longer than in the type ; palat« curved and of 
less diameter than that of 2\ altigenis; small antero- posterior 
development of the true molars. Superior premolars equal in 
antero-posterior diameter to and greater in transverse diam- 
eter than in the type. Unusual development of cingulum on 
superior molar 1, and the position of superior molar 2 with 
reference to molar 1. In the inferior dentition, the weak de- 
velopment of premolar 4 in hight, and in the antero-posterior 
diameter as compared with the transverse. The small size of 
the metaconid of molar 1, and the regular contour of its. 
crown. 
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HYPOTEMNODON, gen. nov. 

Talon of inferior sectorial trenchant; internal cingulum 
greater and more pronounced than in Temnocyon, Inferior 
molar 2 tubercular, with internal cvsps equalling in size those 
of the external side. 

H. coRYPHiEUS Cope (Temnocyon corypkwus Cope). From 
the above it seems necessary to remove Cope's species, T, 
coryphceus (Tert. Fer^., vol. iii, book i, pp. 906-912) from the 
genus Temnocyon and to erect a new genus to which is given 
the name Ilypotemnodon. The specimen under considera- 
tion is the left ramus, collected by Dr. J. L. Wortman in the 
John Day "bad lands" and described by Prof. Cope in his 
Tertiary Vertebra ta under the genus Temnocyon, 

The above new species and new genus will be described 
more fully in a memoir now in course of preparation. 



EDITORIAL COMMENT. 



THE ORIGIN OF SPHEROIDAL BASALT. 

The eruptive rocks of Point Bonita. F. Leslie Ransome. 
(Bulletin of the Department of Geology, University of Cal., 
vol. 1, pp. 71-114, Dec, 1893.) 

The author presents a map of the region, which is the pe- 
ninsula and point which, on the north, shut in a part of San 
Francisco bay and terminate on the north side of the *'golden 
gat«." The most of this area consists of the San Fran- 
cisco sandstone, but along the western edge the country rises 
abruptly from the Pacific ocean, this elevation consisting of 
a ridge of basic eruptive rocks. These are terminated toward 
the east by a supposed fault which runs north and south but 
a short distance east of the ridge of eruptive rock. The ridge 
descends toward the north, ceasing at about four-fifths of a 
mile from the "golden gate." 

The eruptive rocks show three facies in the field, which are 
also equally evident in making a microscopic examination. 
The author enumerates spheroidal basalt, pyroclastic rock and 
diabase. In a section through these parts the diabase is 
shown as rising highest, and as intrusive through the others. 
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the pyroclaetic layer being above the spheroidal basalt. The 
dia^base and the basalt, although they differ remarkably, are 
considered to be equally basic eruptive rock, the former cool- 
ing as an intrusive in older rocks and the latter as a surface 
flow. The pyroclastic stratum reposes upon an uneven sur- 
face of spheroidal basalt. It is composed of fragments of a 
light gray aphanitic amygdaloidul rock similar to that form- 
ing the spheroids bek>w it, and ranging in size from the frac- 
tion of an inch to a foot or more in diameter, the average size 
being about three inches. "These fragments are finely com- 
minuted volcanic ejectamenta. In general the fragments are 
more or less rounded, but sharply angular fragments are also 
abundant." 

In the spheroidal basalt are some curious and interesting 
features. The large spherules are sometimes elongated, bale- 
like masses, whose longer axes are about parallel and extend 
obliquely downward. They sometimes weather out near the 
center, leaving a shell. They are amygdaloidal porphyritic, 
with feldspar, and in some cases the same rock embraces many 
fragments of red jasper. The interstices between the spher- 
oids are filled with comminuted fragments of rock of the same 
kind, but decayed and crumbling, or with secondary products. 
In one case a block of sandstone four feet in diameter was 
seen resting partly imbedded in the volcanic rock. In thin 
section these spheroids display simply a uniform, finely crys- 
talline, or porphyritic and amygdaloidal rock, composed of 
lath-shaped feldspars and a considerable proportion of glass, 
with secondary formation of much calcite and chlorite, and 
sometimes quartz. In the large spheroids the center is less 
amygdaloidal than the rest of the rock. 

The author considers the evidence warrants the conclusion 
that the spheroidal portion of these rocks was ejected as a 
surface flow and that the rounded spheroids are an incident of 
flowage after ejection. The pyroclastic layer he regards as of 
the nature of volcanic ash, projected from a crater which was 
probably at some distance to seaward. 

Note. This paper throws considerable light on some prob- 
lematic features seen in connection with the greenstones of 
the Archean in the lake Superior region. It appertains to 
the spheroids and to the jaspers of the sandstones. Spheroidal 
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masses have been described by Lawson, Williams and Winch- 
ell in the oldest greenstones, and they have been referred re- 
spectively by them, to "concretionary structure," to breccia- 
tion and subsequent rubbing under ''dynamic pressure," and 
to "agglomeratic accumulation" under the surface of the 
cotemporary ocean, in the near vicinity of an active volcano. 
Two of these theories require a surface origination of the 
rock, from volcanoes, and the other demands a plutonic, or 
deepseated, intrusive origin. It appears that, with the facts 
that Mr. Ransome gives, the superficial origin of such forms 
is proved, and it remains to determine whether the sea were 
present to receive the ejected material or whether it was 
evenly and rather slowly ejected upon a land surface and sub- 
sequently 7/0 »ref/ in such manner as to produce these forms. 
Without calling in question here the close resemblance exist- 
ing between these forms and the forms to which they are 
compared in the volcanic rocks of the Hawaiian islands, we 
desire to mention some considerations that seem to point 
toward the cotemporaneity of the "spheroidal basalt" and the 
jaspers of the San Francisco sandstone, and thus also indi- 
cating oceanic conditions for the accumulation of both. 

1. The author considers that the San Francisco sandstone 
is separated into two parts, by the intervention of a bed of 
considerable thickness of jasper rock, called phthanite by 
Becker, showing that something alFected the ocean in the vi- 
cinity of San Francisco bay which caused the rapid precipita- 
tion of silica, which at the same time was stained by a little 
iron. The author refers to various places, at a distance from 
San Francisco, where red jaspers also occur, saying "the rock 
[i. e., spheroidal basalt, N. II. W.] is always associated with 
the red jaspers, and with what is apparently the San Fran- 
cisco sandstone" (p. 110), admitting that this association in- 
dicates "a contemporaneous rather than a subsequent origin 
for the basalt." (p. 109.) 

2. The rock of the spheroidal basalt is found to contain, at 
least in one instance noted, blocks of sandstone four feet in 
diameter (p. 78) which shows that some force was in action 
which could rend and transport solid rock, and mingle the 
fragments with the spheroids. It may be questioned whether 
flowing lava could do it. Was the force volcanic explosi(m? 
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and was the fragment from the lower member *of the San 
Francisco sandstone? 

3. The bounding surfaces are perfectly sharp and definite 
"and entirely enclose each separate spheroid." It raa^* be 
questioned whether flowage could thus entirely separate them 
from each other, for there seems to be no exception to their 
individual isolation. This rather indicates an individual his- 
tory for each mass, involving separation from some parent 
mass, transportation to its present position and consolidation 
with its neighbors under the action of some later cementing 
agency. Had flowage produced these spheroids it is impossi- 
ble that they would not somewhere show gradations into each 
other and finally into a simple lava sheet where they would be 
less and less distinct ; the mass of the rock in general could 
not have so flowed everywhere in so uniform and yet so pecul- 
iar a fashion. 

4. Judging from the descriptions the spheroidal basalt is 
not essentially different from the pyroclastic layer which 
overlies it. It seems to be allowable to suppose that they had 
a common origin, viz., as volcanic ejectamenta, the coarser 
bombs appearing in great profusion at the first eruption of 
the volcano, and the finer tuffs falling later. The lack of 
stratification in these deposits characteristic of oceanic agency 
may be due to the rapidity of the accumulation and the shel- 
tered location of the volcanic area to the eastward of the vent 
where waves and currents could not readily act upon the de- 
bris, or it may be due to the fact that the debris fell upon a 
land surface instead of into the ocean, as presumed by Mr. 
Ransome. It is hardly possible, however, that at that place 
some of these materials, whether bombs or tuffs, should not 
have fallen into the ocean, and if the jaspers were deposited 
in the ocean on the eastern side of Point Bonita, as shown 
by their being embraced in the fragmental San Francisco 
sandstone, the tutfs at least may have fallen into the ocean 
over a large area and mingled with, or entirely displaced, the 
usual accumulation of that sandstone. If the phenomena here 
are comparable with the features that have been described in 
the greenstones of Minnesota, jasperoidal accumulations will 
be found intimately mingled with the tufi^s and also closely 
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ai^sociated with the Bpheroidal basalt, being contemporaneouB 
formations. 

5. There are internal features ascribed to the spheroidal 
basalt which are apparently incompatible with the supposi- 
tion that it was a surface flow of lava, (a) The spheroids are 
conspi^juously porphyritic (p. 82) and the spaces between 
them are not, but are occupied by a secondary layer of im- 
pure calcite (p. 79) and chlorite. Had these forms been pro- 
duced after eruption as a lava stream there would have been 
porphyritic crystals as frequent in the material filling the 
interstices as in the spheroids, (b) There is a zonal arrange- 
ment apparent in the spheroids (p. 82), and this indicates for 
each an individual, isolated history. This zonal arrangement 
began to be formed before the consolidation of the mass, 
since it caused a zonal distribution of the amygdaloidal struc- 
ture, (c) £ach spheroid seems therefore to have been inde- 
pendently under influences which not alone would produce 
amygdaloidal structure, but which operated on the surface of 
each in such a way as to distribute the amygdaloidal cavities 
most numerously about the periphery. When one considers 
the layering of igneous rocks due to successive eruption, and 
the succession of amygdaloidal beds between non-amygdaloi- 
dal and the fortuitous scattering of amygdules over the ex- 
posed surfaces of smaller lava layers, it is apparent that this 
zonal arrangement of amygdaloidal structure may have been 
formed by the contemporaneous exposure of each spheroid 
throughout its entire surface to a common cooling action. It 
seems very questionable whether such exposure could have 
been experienced when they were embraced in a common lava 
stream having a thickness perhaps of fifty to a hundred feet. 

6. The general structural relations will allow the following 
successive steps in this history if the fault plane, which is 
assumed by the author rather than demonstrated, be dis- 
carded. (1) Deposition of the San Francisco sandstone, lower 
portion. (2) Eruption from a volcanic vent in the near vicin- 
ity, forming volcanic bombs, pyroclastic matter and finally 
molten lava streams. (3) The effect of this eruption was to 
substitute locally volcanic and chemical strata for strata 
formed by erosion. This area and this epoch of eruption may 
have been extensive. (4) Subsidence of the area affected be- 
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neath the sea and the deposition of the upper part of the San 
Francisco sandstone, thus bringing the upper member into con- 
tact with the diabase near the golden gate. n. h. w. 



March Weather on the Greenland Ice-sheet.. 

Lieut. Peary started on the 6th of last March from his win- 
ter station on Bowdoin bay, near latitude 78°, with the plan 
of traveling northeast over the Greenland ice-sheet a distance 
of about 650 miles to Independence buy, the limit of his pre- 
vious expedition, on the northeastern coast at latitude 82 . 
The party comprised 8 men, 12 sledges, :xnd. 90 dogs. Upon 
reaching Independence bay, which Peary hoped to do early in 
April, the party was to be divided for exploration both north- 
ward and southward. The time of his setting out, however^ 
was much too early, being at the very beginning of the cir- 
cumpolar half year of constant daylight. After a journey of 
two weeks on the ice-sheet, reaching an altitude of about 
5,000 feet, the party experienced, on March 20th to the 23d, 
an "equinoctial storm" of blinding snow, fierce wind, and very 
low temperature, probably unequalled in the experience of any 
former Arctic expedition. The self-recording anemometer 
showed that the wind during thirty-four hours had an aver- 
age velocity of 48 miles an hour; and the thermograph showed 
an average temperature of 50° F. below zero. Exceedingly 
cold weather and other very severe storms followed, the tem- 
perature being mostly 40° to 50° below zero, with almost con- 
tinual wind. Some of the men had their feet and hands frozen ; 
the dogs, enduring in the snow outside the tents the full 
hardships of the storms, were in a few instances frozen to 
death, and the others were attacked by a fatal disease; and 
some of the sledges were broken in being drawn over the 
sharply ridged snow drifts. The party was soon diminished 
to half its original number by the return of frost-bitten and 
sick men, until the expedition, after having advanced in total 
about 125 miles, was reluctantly abandoned by Peary on April 
10th, that he might save a sufficient reserve of his provisions, 
sledges, and dogs, for another attempt next year. The sum- 
mer was spent in explorations of the Greenland coast, glaciers, 
and border of the ice-sheet, in the neighborhood of the winter 
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station, and south to Melville bay. The intrepid Peary re- 
mains in Greenland with two comrades, intending again to 
attempt the same journey across the ice-sheet during the sum- 
mer of 1895, with the hope of having considerable time for 
exploration on the eastern and northern coast. The severe 
weather found in the early spring indicates that travel on 
either the ice-sheet of Greenland or that of the Antarctic 
continent, where a distance of 850 miles lies between the most 
southern indentation of the shore line and the pole, will be 
practicable only during a few months in the middle and later 
part of the circumpolar summers. w. u. 



National Representation in the Inteunational Congress 

OF Geologists. 

On this subject, in connection with the questions proposed 
by Mr. Frazer at the Zurich session (American Geologist for 

October, page 267), he spoke as follows: 

yf. It Prhident: La proiK)siti(Hi que je viensde lire n*est presentee qu' 
k cette avant-derni^re stance pour plusieurs raisons. D'abord comme 
tous ceux qui connaissent les travaux du Vice-President actuel qui rep- 
r6sente les Etats Unis a ce con^r^s, je ne saurais (jue f^liciter ce der- 
nier du choix admirable que Ton a fait de sa pers<inne jxjur ce poste 
d'honneur. M. Ward merite bien la distinction qui lui a et6 decern^e. 

Ensuite il m'aurait 6te difficile de m'opp(iser k I'acte du conseil dans 
sa premiere s6ance oii j'6tais le seul membre present accre<lit^ aux 
p]lats Unis sans courir le danper d'etre mal compris. La question est 
b»*aucoup plus grave que ne le serait simplementle choix d'une jH'rsonne 
quelconque pour servir comme officier de ce congr^s. Pour la bien 
saisir, il imjjorte de s'^Iever au dessus du niveau des ambitions et des 
preferences ptTsonelles, et pour mieux y reussir, je suis satisfait di' la 
vciir laissee aux mains du bureau afin qu'il puisse la resoudre a loisir et 
quand il lui conviendra, pourvu quesa decision soitdonn6e asseza temps 
l>our la constitution du prochain conseil. 

!)<' cetle mani^re la question perd tout lien avec la session actuelle. et 
ne concerne qu' exclusivement le bien du congr^s dans Tavenir. 

M. le President, la raison d'etre du congr^s g^ologique, cVsl la neces- 
sity d'un tribunal scientifique international assez 6leve iK)ur ne pas etre 
influence paries contlits d'opinion et par les pr^jug^s qui sonl insepa- 
rables des organisations nationales. 

II n'y a pas de classe priviiegi^e dans la science, et ceux qui sont 
charges de certaines fonctions et de certains travaux par un gouverne- 
ment ne sauraient pretendre k un privilege queconque. 

En dehors des societes savantes et corps relevant du gouvernement, il 
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pxist-e dans chaque pays iin grand nom bred 'horn mes qui se sont devoues 
h> la science iiniqiiemenl pour elle-meme. 

Ue ceux Ik viennent souvont les plus precieusesdecouverles. et. ee qui 
est encore plus imf>ortant, ces jreolugues independants fournissent If 
seul contr6le dans leur pays des conclusions pos6es par les g6olt)giies of- 
flciels, et ce conlrAle s'est souvent montre de la plus grande utilite 
pour le progr^s de la scitnice. 

C'est pourquoi, si 1' on accepte sans protestation le principe qu'une 
lettre du chef d'un bureau gouvernemental, presentee paruu de ses em- 
ployes au congr^s international constitue un titre de membre supirieur 
en quelque sorte a celui que cr6ent les travaux et les services des partic- 
uliers: si Ton declare la repr6sentation, dans le congr^s, d*un bureau 
qui iK>urrait avoir inl^ret a modeler h sa guise les arrets du congr^sen 
vue d'un but tout particulier, comme ^tant plus importante que celle 
des nombreux savants sans affiliation aucune: si, enfln, deux ou trois de 
ces employes, a I'iusu du chef de I'Etat, ou meme du ministre dont ils 
reinvent, peuvent decider entre eux et sans consulter leurs confreres du 
meme pays, quelle doit etre la personne qui doit repr^seiiter le dit pays, 
je pretends formellement, si tout cela est perm is, que le congr^s loin 
d'offrir un asile k la v6rit^ scienlifique pure, risque de devenir un in- 
strument pour consolider le (jouvoir ou les doctrines de ces chefs de bu- 
reaux, el i)our supprimer du meme coup la libert6 des g^ologues inde- 
pendants. 

L'existence du congr^s a eu toujours une influence enti^remeut salu- 
taire sur les services nationaux, dont les chefs ont ^t^ forces de respecter 
en lui le tribunal le plus ^lev^ dans leur science. II serait regrettable 
de ne pas laisser le congr^s kce r6le utile celui de gardien pour tous de 
la liberty scientiflque absolue, c'est k dire en dehors de toute doctrine 
offlcielleet de toute pression administrative. 



Mountain Systems of Asia and £urope. 

Prof. Eduard Suess, of Vienna, has supplied a short ab- 
stract of his address before the International Congress of 
Geologists, as noted in our last number (page 263), of which 
the following is a translation : 

The plicated mountains (faltcn Gebirge) of Asia are st> arranged that 
they api)ear prominently in large curved masses (BogenstUckeu) toward 
the south, and thesis marginal curves (Kandbogen) also embrace Europe 
so that they reach fn)m New Guinea to Gibraltarand to the Wadi Draa. 
The eastern curves of Asia, from Kamtschatka down to beyond the 
Philippines, are the similarly backward bent ends of the inner Asiatic 
chains, and are located behind the southern marginal curves. The 
whole of Asia, with the exception of the Indian p<.>ninsula, shows such 
a structure, produced in northern China, and to beyond lake Baikal, by 
very ancient, partly pre-Cambrian movements, but in other parts, for 
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instance, in the Thian-Shan, and along the marginal curve, forexample^ 
on the south Hank of the Himalaya, by recent plication. The impression 
remains that, since pre-Cambriau time, the movements of Asia have had 
the same character, namely, that of flow, especially toward the south, 
but also toward the southwest, west, southeast and east, which reminds 
one of the flattening of the poles. 

In Europe it is ditTerent. The oldest movements are represented by 
the pre-l)evonian, Scottish and Scandinavian "floor" (Schuppe); there 
follows toward the south and east the Carboniferous and Permian floor- 
rim(Schuppenrand) with many later folds, and then the Miocene floor-rim 
of the Alps. The movements are also from a very ancient period in the 
same direction; but they are contrary to tho.se of Asia, and have the 
character of confluence t<)ward the north and especially toward the 
northwest. Here also recent movements (namely, the Alps) occur near 
the outside. 

The similarity of the Asiatic movements in taking a general south- 
erly' direction, and of the European movements in being prevailingly 
northwestwartl, with their continuance in these directions during long 
geologic ages, indicates that these movements have been due to original 
heterogeneity of the earth*s mass. 

What we call drfarmation of the earth should be named conformation^ 
namely, the gradual approach to a condition of equilibrium of weight 
as well as of form, which is us yet not fully reached. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



The Mesozoic Echinodennata of the United Staten. By W. B. Clark. 
(U. S. Geol. Survey, Bulletin 07, pp. 207, with 50 plates, 1893. Price,. 
20 cents.) Sixty-one species are described here as the entire known 
Me.s<)zoic fauna of this class in tht^ United Stales. Fifty -one had been 
before described in many scattered publications, and ten appear for the 
first time. They include 5 crinoids, 4 asteroids, and 52 echinoids. All 
are well figured, and a full bibliography is given, making the work ex-.^ 
ceedingly convenient and vahuible for paleontologists both at home and 
abroad. The author thinks that many South American echinoderms, 
though described under different names, are identical with the North. 
American species; but he doubts that any Eurt>p«»an Meso/.oic sfR^cies. 
are truly identical, and regards only a few as very closely allied. In 
this opinion he differs from Dr. J. W. Gn'gory, of the British Museum, 
who. reviewing the echinoid faunas of North and South America and 
the West Indies, and comparing them with the corresponding Euroi)ean 
faunas (Bulletin, Geol. Soc. Am., vol. iii, for 1891, pp. 10^-108), consid- 
ers these two faunas on <»pix)sile sides of the Atlantic to hnve been. 
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almost identical during the Urgonian and Aptian epochs of early Cre- 
taceous time. Continuing into the Tertiary era. Dr. Grt»gory finds that 
the two faunas became widely and increasingly divergent, until in the 
Miocene and Pliocene periods intermigrations took place: and he regkrdK 
these relations in the evolution of the cchinoids of the two continents 
as incompatible with the theorj* of the permanence of the Atlantic 
ocean basin. But even without much change of the deep ocean, suffi- 
cient room for the early Cretaceous and later Tertiary migrations prob- 
ably existed along the shores of the FftrOe islands, Iceland and Green- 
land, during uplifts of these far northern regions and of the compara- 
tively shallow intervening portions of the seabed, by which the streams 
were enabled to cut the deep fjords. The culmination of the later 
uplift appears to have brought the cold climate and ice accumulation 
of the Glacial periwl, which was ended by the subsidence of these 
regions, partly drowning the fjords, and widely separating the islands 
that during late Tertiary and early Quaternary time probably almost 
united the northern parts of the continents. w. u. 

Inttect Fauna of tJie Rhode Island Coal Field. By S. H. Scudder. (U. 
8. Geol. Survey, Bulletin 101, pp. 27, with two plates, 1893. Price, 5 
cents.) Fifteen si)eciesof insects, mostly cockroaches, are here described 
from the Rhode Island coal measures. All the species, and two of the 
six genera, are new. The earliest discovery of any of these fossils was 
by Rev. Edgar F. Clark. It is hoi)ed that this publication will stimu- 
late additional search in these strata and result in more extended discov- 
eries. The two new genera are quite unlike any others in this country, 
but are rather allied to some that occur in the richly fossiliferous beds 
of Carboniferous age at Commentry, in France. w. r. 

.1 Catalogue and Bibliofiraphy of North American MeMozoir Inrertebrata. 
ByC. B. Boyle. (U. S. Geol. Survey, Bulletin 102, pp.315, 181)3. Price. 
25 crnts.) The first i)art of this work, filling 13 pages, is a list of authors, 
with titles, notes of the number of pages and plates under each and dal** 
of publication. Part II, filling the remainder of the volume, gives an al- 
I)habetic list of "all the names that have been apjilied to the genera and 
siM'cies of invertebrates obtained from North American rocks and re- 
ferred by any author to the Mesozoic," with the place and date of their 
publication, the author, and the formation and locality or district 
where the fossils were obtained. w. r. 

lluitoriral Sketch of the Discovery of Mineral Deposits in thf lAike Superior 
Region. By Hokace V. Winciiell. (Pages 4fi; fn>m the Second Annual 
ReiH)rt of the Lake Superior Mining Institute. 1894.) The progress of 
the discovery of the valuable copiM'r and iron deiH)sits of northern Mich- 
igan, AVisconsin, and Minnesota, is here concisely reviewed from the 
time of the early Jesuit missionaries to the latest development, within 
the past four years, of the surprisingly rich Mesabi iron range. The 
e\i)lorations of lK>uglass Houghton, C. T. Jackson, Foster and Whitney. 
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Charlies Whittlesoy, I. A. Lapham, and later geoloiirlsts, are shown to 
have given very important guidance toward the establishment of the 
present great mining industries of that region. A portion of this sub- 
ject was presented to the readers of the Am. Geologist by Mr. Winchell 
in the last March number. The present memoir includes, in an app<?n- 
dix of eight pages, a useful bibliography of the history of mining on 
iake Superior. w. r. 

Alaska: Uh Phytdcal Geography. By Israel C. Rcssell. (Scottish Geo- 
graphical Magazine, vol. x, pp. 393-413, with map; August, 1804.) 
Within the compass of twenty pages. Prof. Russell gives a bird's-eye 
view, as we may call it, of this extensive country, in which he explored 
the course of the Yukon river in 1889, and the district of Mt. St. Elias 
and the very instructive Malnspina glacier or ice-sheet during the sum- 
mers of 1890 and 1891. The river systems, mountain ranges, volcanoes 
and hot springs, tundras, islands and ocean currents, glaciers, subsoil 
ice, the forests, the fauna, and the Eskimo and Indian tribes, are themes 
of successive iiortions of this essay. The finely colored map, on a scale 
of about 175 miles to an inch, shows the approximate area of forests, 
mostly bi?low the altitude of 1,000 feet; of the tundras below the same 
1,000 feel level; of the barren uplands; and of known glaciers, which 
occur along the southern coastal mountain ranges for a distance of 1,400 
miles, from Sitka northwest to St. Elias, west to the Kenai jM^ninsula. 
and southwest to I^nimak island. 

Describing the mountains. Prof. Uussell writes: "The vastcordilleran 
system which follows the west coast of both South and North America 
traverses southern Alaska, and, bending westward, follows the coast to 
the end of the Alaskan iM>ninsuIa. The partially submerged continua- 
tion of the same system forms the Aleutian islands, more than a thou- 
sand miles in length. The culminating i)oinlsof this great system in 
North America are two rival peaks, Mt. Logan, 19.5CK) fert higli,[*] and 

Mt. St. Elias, 18,010 f»-et high In the neighlx)urh(K)d of Mt. St. 

Elias the ranges are monoclinal, and agree in general structure with the 
Great Basin system mor»' closely than with any other mountain ly\)e 
now known. In common with all lofty mountains, St. Elias is young. 
The foot-hills near the oc^an havr been elevat«*(l at least r),(KK) feet dur- 
ing the existence of sjM'cies of marin<' molluscs now living in the adja- 
cent waters, and it is probable that the main ui)lift receiv»*d an im|)ort- 
ant incremtMit at the time the foot-hills wen* raised alnne th<'.sea. Since 
the mountains wen* uplifted, ordinary stream erosion s«»ems to have had 
but little to do with their sculpturing: glaciers to<»k i)os.session of th<' 
depr»'ssions as soon as they were raised above the ocean, and the subse- 
quent m(Hliflcations of Ihfir forms have b»'en largely due to ice-act itm." 

w. I*. 

Paleontology of MiJtMoun, Part f. By Chahles Uollin Keyes, State 
Geologist. (Missouri Geolojrical Survey, vol. iv. 340 pp., 33 plates, 1 map. 

(•The discovery and naming of Mt. Li>ffan. with the determination of its altitude as the 
highest on this contiaenu w^re not<jd iu the .\m. GF.OLoiiisT for last April, p. 292.— Eds.) 
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Illinois reports, for oxHinplt', would probably exceed in sizo the nine 
large volumos of that static 

On account of their varying? value for classificatory purposes, the 
treatment of the different zoological grou[>s has not biH»n the sam(^ In 
order to carry out the main intent of tlie work, and still have it included 
within the limits originally planned, it has been necessary to condense 
greatly the consideration of many of the sections. The most character- 
istic forms of the various geological horizons, and the sfK»cies which arc 
little known, have been considered more in detail than other forms 
equally interesting and pt^rhaps even more important. Certain large 
groups have consequently been very briefly alluded to. Such are the 
polyzoans, vertebrates, and various sections of lower taxonomic rank. 

Accompanying the paleontological portion of the report is an intro- 
duction of nearly 100 pages, on the general stratigraphy of the state, 
which contains much new information. 

The illustrations are largely zinc etchings, and for their kind could 
scarcely be excelled. They are works of art, pi'rfeclly clear in' every 
detail, and entirely free from that "muddiness" which is almost always 
apparent in work of this kind. The drawings were chiefly the work of 
Dr. McConnel, of Washington. D. C, of M. Westergren, who for thirty 
years was draughtsman in the National Museum of Sweden, and of the 
author. ii. f. b. 

The l^mer Siluruin Ontraeodaof MinneHota. \\y E. (). Ulrich. (Chap- 
ter VII of vol. III. Final Reix)rt. Geological and Natural History Survey 
of Minnesota, July, 1804, pp. 029-093, pis. xliii-xlvi.) The crustacean 
order Ostracoila attracts but few paleontologists, although their remains 
appear to be as .abundant as the trilobites. This lack of interest is prob- 
ably due to the usually small size of the carapace of these animals, 
though some Silurian and Cambrian siH'cieshave a length of nearly two 
inches. Geologically younger si)ecimens never attain anything like this 
size. Miller in his **North American Geology and Paleontology, 1889," 
catalogues one hundred and twenty-seven si)ecies in eleven genera. In 
1890 Mr. Ulrich described or identified ninety-eight additional si)ecies 
and twenty-one genera. In the present work fifty-four sp<'cies and seven 
genera more are added, making in all about two hundred and eighty- 
five American s^iecies of Paleozoic ostracods distributed in forty genera, 
a growth since 1890 doubling the known si>ecies and nearly (quadrupling 
the genera. Ci)llectors will^lo well to give attention to washing shale 
and other soft friable strata and thereby obtain many forms of Ostra- 
coda, Bryozoa, and the younger stages of BrachioiK)da, Mollusca, Crusta- 
cea, etc. 

In this chapter are described sixty-eight sjn'cii'S. of which fifty-four 
are new. These are groujn^d under twenty-two genera, of which Leper- 
diteWi, l^imitiellay Dicranella, DihbeUa, Ceratopxv*^ MacronotelUi and 
KrauHtila are new. 

"In th<* Ix>wer Silurian deiK>sils Oslracoda t»ccur in such great num- 
bers and variety, that it is doubtful if the representation of the order at 
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nn.r kiiIwi'iiiii'iiI limi' I'.vui'i'ili'il llu'm in xhvw rt-siM-clB. Tho pn-domi- 
itHiit l.viH'ji, lAiHrilitiiihr mill llfyrirhiiiUr. mcin>ovi"r. sfUT holding ihtir 
own iM-rhHiBi ilinnijrh Ihr I'lijiiT Hiliiriaii. witi' groally rpdiicoU during 
Di'voniun iinil CiirlHiiiiri'miis limi'HUTiil nn' now UiiklU- extinct. Sumv 
h'f'nl fii)nilii-N uml p-nt-ru. nn lh<' iither hniid. arc 8|>urinKly rcprcsriih-d, 
lull, tnlirn Its n wiinlt'. Ilic Silurinn Ostrncudn fKiinn is di-ciiltillj- iir- 

"TlirlWrncixlK nn' (■vi'rywhi'r''|nHirly n-tin'sctili'd in thi- Triassio and 
■luriissic. I till ill I III' rr>-lact>iuis and Tertiary strata of ICiirutH- cprt«in 
p-ni'm. f'lilhrt i'S|H'Cin1ly. ilt>vi'li>p an astiiundinf! variety and wealth of 
M|Mi-ii'!i. Till' fiirnis iiri' nil small, ami tliis may in part uccnunt for the 
fael Ihiil Ml few biiM' li'i'n disciiveri'i) in Aroi-rican df]><«its of these 
aiU's." CO. 

Klemriil' tli- fiilfoHl.-l.'gif. Par Fki.ix IIehnarP: terondt partu (pp. 52D- 
l.llWI ..!■«• ,::ifig»rn> -f.injr fr t,\itf. Paris. Hailli^n? el tils. ISM. The 
nsdw is nft-rnil li> vul. Xi, i>. 4ll\ AMERICAN (iKOLOolCT, fur a nutice of 
ilii- Hr>i |Kiti i>r iliis work. Willi this pari ihe voluini.- is cliiwd. Al- 
lluni);!) it is esp,-eiiilly aililn-s.si'it lo Fn-nch scientists, in whnsf liters- 
inn' Jl r<'rtHinl\ mnsi iMiisiiitite a valuable contribution to the philos- 
ophy iif |ialii>iii«l>4:y. il will bi' closely scanneil by many in Mhrr 
coiinlrii-s whi< may b<' M'ekini; for a conciso presentation of the e\-ola- 
lionart stejw and Ihi- slriiclur.il ri-lalions thriiUKh which lite upon Ibe 
cIi'Im' has iiau-'il to iu ph'^cni sla)Fi's. The author's chief aim is lo 
exemplify the ri'lalions of {laliiMitiiliyy lo Ihe biolo^iral scieoces. nttbet 
than lo set f>>rth (lie s|H<cial characl<'r« of numerous species or | 
He ilwflls. then'ron'. xii llie mxrpholi^y ami Ihe internal si 
I'll llie enil>r,M>li>«ical di-vel.>pmeni m( f.^iil furnii 
iheri-(ori\ as pri-si-nti-il i* a iiraiiil lAcii-rams "( ■■ 
ci>\ers bi'th animal and \vs*'i able |iBlTunb.>loe^ . 
Hio ilisi.-nv<.ion of tin- mammifers and rvpilW, aiii 

iv\i'rics in ihe ileivtopmi-ilt of ihi'*- rlasar^ an- r 
Marsh. With thi> evcepiion ri-<^'iii .\m--rk 
noi -il fully rrcoiinnii 
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bat now proved by David While, on the evidence of a large collection of 
plants, to be Middle Cn'taceoiis. 

Prof. Ward next discusses the influence of geographical distance in 
lessening the identity of species in floras while the general aspect of re- 
semblance continues. Contemporaneity of date may be inferred from 
identity of species, especially in the more recent and not geographically 
remote strata; yet as we recede to a greater distance the forms are (ex- 
tinct and their exact relationship isdifflcultof determination, especially 
among the cryptogams. Hence more stress must be laid on close alli- 
ance than on identity, because the latter is frequently a matter of 
opinion of the paJFBontologist. The essay is a valuable contribution to 
exactness in this department of geology. k. w. c. 

Fossil PlanU asanaidto Oeology. By F. H. Knowlton. Journal of 
Geology, vol. ii, pp. 365-382; May -June, 1894. Prof. Knowlton takes up 
the same points as the foregoing paper and quotes largely from it regard- 
ing the use of plant fossils in the widest sense. As to their value in a 
more restricted area, he cites the remarkable case of the Dakota group 
which has 3-ielded 460 .species of plants, with only ten invertebrate and 
no vertebrate fossils. Of the plants 394 species are {x^culiar to that hor- 
izon, and many of these are so characteristic as to settle any question 
of the age of other beds in which they occur. As an instance of this, 
the author quotes the mistaken reference of a so-called specimen of 
StercuUa drakeii from the Big Tucumcari beds of New Mexico as the 
only known dicotyledon from the Trinity sands of the Comanche series. 
It is, he says, Sterculia snomi of the Dakota group and at once deter- 
mines the age of the stratum in which it is found. Several other in- 
stances are given of the imf)ortance of plants in determining the age of 
Cretaceous strata in the west, such as the Colorado and Middle Park or 
Denver beds, the Livingston beds, and the Great Falls beds in Montana. 
Economically, Prof. Knowlton shows the value of palteobotany in quot- 
ing the case in which Zeiller predicted the discovery of a bed of coal in 
France on palieobotanical grounds. A shaft was sunk, and at the depth 
of nearly 2,400 feet coal was found, having a thickness of about fifteen 
feet. 

In writing of fossil plants as a test of climate, the author says, **the 
absence of rings of growth in the Carboniferous conifers shows, as long 
ago pointed out by Wilham, that the seasons, if such they could* have 
been called, were either absent or not abrupt." With this view it is 
not quite easy to coincide, because, not to discuss here the somewhat 
doubtful case of conifers, there were undoubtedly other Carboniferous 
plants whose remains exhibit distinct rings of growth. 

In conclusion the author justly remonstrates against the too frequent 
practice of exp)ecting the paheobotanist to determine mere fragments of 
plants uncritically collected and ill preserved. As well might a botan- 
ist be called on to name scraps of living plants badly dried and sundered 
from each other. In both cases the task is often imjKiSsible or the re- 
sult is useless. K. w. c. 

77m; PoMt'PHocene Diastrophism of the Coast of southern Calif ornm. By 
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Andukw C. Lawson. Univt'rsity of California, Bulletin of the Deparl- 
mont of Goolopy, vol. i, pp. 115-160. with two plates and a st^ction; Dec, 
1803. The term diaHropJmm, proposed by Powell for the collective 
processess of deformation of the earth's crust, includes orogeny (mouD- 
tain-makinpr) and epeirogeny (continent-making). The last of these 
terms, as proposed and defined by Gilbert, embraces the uplifts and 
subsidences of larjije areas producing continents and plateaus, ocean 
beds and continental basins. Both these classes of orogenic and epei- 
rofcenic earth-movements have produced important changes on the 
Californian coast since the beginning of the Quaternary' era. 

Marine wave-cut terraces of [x^st-Pliocene age are described by Dr. 
Lawson in this pai^^r at numerous places along the distance of 450 miles 
from San Francisco southward to San Diego, near the Mexican bound- 
ary. They show an eptiirogenic uplift of these parts of the coast (and 
the author thinks the upward movement to have been continuous for 
all this distance), during post-Pliocene time, to an extent of from 800 to 
1,500 feet. In the vicinity of San Diego the successive terraces marking 
stages in the emergence of the land are approximately 800 feet, 700,600, 
520, 340, and 1(K) feet above the sea. Pleistocene marine fossils have 
been collected there bv Dall at the altitude of 000 feet and twelve miles 
distant from the sea. At San Pedro hill, a projecting point of the 
coast about 100 miles northwest of San Diego, the appproximate alti- 
tudes of the old shore lines are 1,240, 1,040, 900, 860, 700, 550, 400, 300, 
240, 100, and 120 feet. The terrace at 1.240 feet has abundant water- 
worn gravel; and the limestone of this shore, as of several others lower, 
displays plentiful borings made by lithodomous mollusks. On San Cle- 
mente island, about 75 miles west of San Diego, twenty-two terraces 
were noted, the highest being 1,500 feet above the sea. Santa Catalina 
island, however, lying midway between San Clemente and the San 
Pedro headland, shows no such elevated strand lines and appears even 
t4) have been sinking \\\\'\W the areas south and north of it were rising. 
Probably other islands of this group also stood higher than now and 
even had connection with similarly higher adjacent portions of the 
mainland during late Tertiary and early Quaternary time, as Le Conte 
concludes for Santa Rosa from tlie occurrence of elephant bones on 
that island and for Santa Cruz from peculiarities of its flora. These is- 
laiids'lie opixislte to Santa Barbara and are about 100 miles northwest 
of those examined by Dr. Lawson, whose opinion that all the coast 
shared in the Pleistocene uplift needs therefore to be tested by further 
exi)loration, esjK'cially through Santa liarbara county. 

At Carmelo bay, 300 miles northwest of San Clemente and Santa Cat- 
alina, and about 80 miles south of San Francisco, abundant evidences 
of |M)st-Plioceiie submergence and re-elevation an» again found up to the 
hight of 800 feet, as noted by Dr. Lawson in pages 46-57 of the same 
volume. Som<' 30 miles farther north, in the vicinity of the town of 
Santa Cruz and westward along the north coast of the bay of Monten»y, 
nine terraces were observed, the highest being at 1,200 feet. 

Besides the e|)eirogenic m<>vements which are thus ascertained, a re- 
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xnarkable Quaternary orogeDic disturbance has uplifted and steeply 
lilted the thick Merced series of richly fossiliforous Pliocene sandstone 
strata on the peninsula of San Francisco, a few miles south of the Golden 
Gate. The center and cause of the disturbed area is the Montara moun- 
tain, an upthrust portion of the granite floor on which the Mesozoic and 
Pliocene beds had been deposited. The latest and chief uplift of Mon- 
tara mountain took place at the end of the Pliocene and during Pleisto- 
cene time, which also, according: to Turner, included the similar up- 
thrust of Mount Diablo, about 25 miles east-northeast of San Francisco; 
and on the other side of the great valley of California, according to Le 
Conte, Dillcr, Becker and others, the extensive faulting and tilting 
which produced the present high Sierra Nevada range belonged to the 
same ptTiod. Dr. Lawson thinks that a part of the area of the Merced 
series had sunk to the vertical extent of more than a mile, the measured 
thickness of the series, during its deposition. Its basal beds now out- 
crop at the altitude of 700 feet above the sea, indicating an equally 
great re-elevation^ Hut if this series comprised the outwardly dipping 
beds of an advancing delta brought by the Pliocene representatives of 
the Sacramento and San Joaquin rivers, as Shaler has suggested for the 
similarly extensive section of inclined strata at Gay Head, Martha's 
Vineyard, the required subsidence and ensuing upward movement would 
be reduced to moilerate amounts. 

The time of the depression of large portions of the coast and some of 
the islands southward to San Diego is referred by the author to the Pli- 
ocene period, and that of their uplift to the Pleistocene, the division 
between the Tertiary and Quaternary eras being marked by a general 
reversal in the epeirogenic movements of this coastal region. The u])- 
ward movement seems to have been closely related to the much grejiter 
uplift occurring farther north, which extended from the Pacific to the 
Arctic and Atlantic coasts and at its culmination caused the accumula- 
tion of the North American ice-sheet. The Pliocene depression near 
the Golden Gate permitting the deposition of the Merced series seems 
tt> have been contemporaneous with a somewhat greater elevation than 
now back from the coast, since the rivers would need more than their 
present slopes for trans[)ortation of the sands forming the Merced strata. 
It is further evident that the Pleistocene upheaval at its culmination 
raised the coast on the latitude of San Francisco at least 414 ft*et above 
its pn»sent hight, as shown by the depth of the channel at the narrow- 
e9i part of the Golden Gate, and by the ero<led lower portion of the trib- 
utary valley now occupied by the San Francisco and San Pablo bays. A 
much greater vertical extent of this uplift, however, seems to havi? 
been attained and held during a time sufficient for the erosion of the 
deeply submerged valleys on this continental slope, which have been 
made known by Davidson and Le Conte, rt^aching to a depth of 2,000 to 
3,120 feet wln're they cn)ss the general submarine contour line of 600 
feet below the sea level. The channeling of these valleys or cafions on 
a high coast, with plentiful rainfall, may have been very rapid and some- 
times in(le|M'ndent of any connection with im]>ortant valleys of the 
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streams now existing. To that time of very high but geologically brief 
Pleistocene uplift we may refer the passage of the mammoth from the 
continent to Santa R,osa island, if it should be found that the preceding 
Pliocene submergence affected the entire coast line. w. u. 

Notes on the Pleistocene of the Northwest Territ<mes cf Caiiada, northwest 
and west of Hudson Bay. Ry J. Burr Tyrrell. Geological Magazine, 
IV, vol. I, pp. 304-399. with map; Sept., 1894. In the years 1802 and 
1893 Mr. Tyrrell, for the Geological Survey of Canada, explored a large 
region from the Churchill river and lake Athabasca northeastward to 
Chesterfield inlet and Hudson bay. A preliminary account of his ex- 
ploration in 1893, from which he returned along the west coast of Hud- 
son bay, was given in the American Geologist last February (page 132). 
In the present short pap^r Mr. Tyrrell notes the occurrence of horizon- 
tal red sandstones and conglomerates, cut by trap dikes, similar 
lithologically with the Keweenawan series of the lake Superior region 
and probably of the same age, south of Athabasca and Black lakes and 
from Doobaunt lake (lat. Q29 30' to 03° 30', and long. 101® to 102® 30'. 
with an altitude about 500 feet above the sea) northeast and east to the 
head of Chesterfield inlet. Laurentian gneiss borders the north 
side of lake Athabasca, reaches thence northeast to Doobaunt lake, and 
again appears along the north side of Chesterfield inlet. For 150. miles 
south of this inlet the greater part of the northwest shore of Hudson 
bay was found to consist of '*grcen Huronian schistscutby many quartz 
veins, and sprinkled through with particles of copper pyrites.** 

The whole region has been strongly glaciated, and the directions of 
the currents of the ice-sheet were noted in hundreds of places. On the 
upjMjr Churchill river the glacial movement was prevailingly south or a 
little west of south; about lake Athabasca, Black and Daly lakes, and 
along the Telzoa river to Doobaunt lake, west; about the north part <if 
Doobaunt lake and along the next 150 miles of the Telzoa river in its 
course through Wharton, Aberdeen, and Schultss lakes, northwest; but 
on Baker lake, next sr>utheast ofSchultx lake, and along Chesterfield in- 
let, south to southeast; along the northwest coast of Hudson bay, also 
southeast; and in the vicinity of Fort Churchill, at the mouth of the 
Churchill river, three sets of strite were observed, respectively (1) S. 5° 
W. to S. 10° E., (2) X. 80° E., and (3) N. 55° E. 

The southward striation at Fort Churchill is preserved on the summits 
and northern sides of the hills, and Mr. Tyrrell supposes it to be the 
most recent of the three courses; but it may be questioned whether it is 
not more probably the oldest, being possibly as early as the time of max- 
imum thickness and extension of the ice-sheet. The northeastward 
striation would then be referable to the time of departure of the ice, 
when the land was depressed from its great preglacial elevation, so that 
the sea coming into the areas of Hudson strait and bay melted away the 
ice-sheet there faster than over the land areas on each side. This melt- 
ing apjK^ars to have oi)ened a large embayment or basin into the central 
part of the originally ice-covered area, and to have finally turned the 
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glacial currents at Fort Churchill northeastward, in a nearly opposite 
direction to the former course held during the greater part of the Ice 
age. If the total glacial erosion, besides plowing up the preglacial 
stream deposits and general mantle of residuary clay, removed also on 
the average several or many feet from the underlying rock surface, it 
is evident that nearly all the striw produced during the early and middle 
portions of the Glacial period were erased and their places taken by 
later markings. The ice-currents recorded by Mr. Tyrrell radiating in 
all directions outward from the region west of Hudson bay and east of 
the Telzoa river therefore probably are referable to a late stage of the 
glaciation. when the previously thick part of the ice-sheet covering the 
basin of Hudson bay had been melted, on account of the ingress of the 
sea, more rapidly than its portions at the west and at the east and south- 
east, which consequently for a time flowed into the Hudson bay area, 
engraving the latest and most plentiful courses of striation. 

An opinion here stated by Mr. Tyrrell, that Hudson bay was an inland 
sea during the Ice age, thus appears to be true only for its closing or 
Champlain epoch. The northeastward and eastward glacial stria? re- 
corded by Bell on the northeastern shores of this great bay aRd along 
Hudson strait, with the extension of the ice-sheet thence eastward be- 
yond the present coast of Labrador, and its extension west and north- 
west, as shown by Russell, Dawson, and McConnell, to the upper part of 
the Yukon basin and beyond the lower course of the Mackenzie river, 
indicate that the area of Hudson bay during the greater part of the 
Glacial pericxl was enveloped by a deep ice-sheet, which, because of its 
thickness and the hight of its surface in that central portion, outflowed 
east into Davis strait and the North Atlantic ocean, south and south- 
west to the Ohio and Missouri rivers, and northwest to the Arctic 
ocean north of the mouth of the Mackenzie. Due south of Hudson bay 
the ice-sheet had its greatest extent in the United States, reaching in 
southern Illinois 200 miles farther south than in New York and New 
England. Drift from east of Hudson bay also was carried far south- 
westward. Boulders of a peculiar rock formation which occurs in place, 
so far as known, only on the east coast of this bay where it narrows into 
James bay, are plentiful in the drift southwest of James bay and con- 
tinue to North Dakota and southern Minnesota, 1,000 miles from their 
outcroi>s. 

Drumlins or ridges of till, and eskers or ridges of sand and gravel, 
wer<» commonly found, throughout the region traversed by Mr. Tyrrrll, 
on the areas having a considerable average thickness of drift deix>sils; 
but some tracts, as the shores of Chesterfield inlet and part of the north- 
west coast of Hudson bay, are largely bare rock. Theesk<*rs often wen* 
ob8<»rved to extond long distances, * 'parallel to the glacial slrije, ovt*r 
hills and 1hn»ugh valleys and lakes, quite regardless of the surface con- 
tour of the countrv.'* 

Strand lines of the Late Glacial or Champlain marine submerg<*nc<' 
wen* seen along all the lower part of the Telzoa river, the first and high- 
est being about 400 feet above the present sea level. Near Fort Churchill, 
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however, the uprist* of the land seems to have ceased or to have been 
very slow for at least 150 years, as shown by inscriptions cut on a pre- 
cipitous rock shore there by sailors as early as 1741, 1746, 1753 and on- 
ward, w. u. 



PERSONAL AND SCIENTIFIC NEWS. 

Prof. Charles S. Prosser, of Washington college, Kansas, 
has been appointed to the chair of geology at Union college, 
Schenectady, N. Y. 

Gen. William W. Duffield, of Detroit, has been appointed 
by the president to succeed Prof. T. C. Mendenhall,' resigned, 
as superintendent of the U. S. Coast and Geodetic Survey. 

Major C. L. Griesbach, after about twenty years service in 
the Geological Survey of India, is appointed to succeed Dr. 
William King as director of that survey. 

The Constantinople earthquake of July 10, 1894, trans- 
mitted its earth pulsations as far westward as to Kew, 
England. An investigation of their velocity by Prof. Charles 
Davison (in Nature for Sept. 6) shows that this distance of 
2,500 kilometers was traversed in 780 seconds, at the average 
rate of 8.23 kilometers, or about two miles, per second. To 
Utrecht, in Holland, nearly 2,200 kilometers, the rate of 
progress of this earth wave per second was 4.05 kilometers, or 
two and a half miles. In general the progress to nearer points 
was not more rapid proportionally than for these greater dis- 
tances. The speed of transmission of the earthquake at 
Charleston, S. C, August 31, 1886, felt 800 to 900 miles north 
and northwest in New England, New York, Wisconsin, and 
Iowa, was found by Dutton to be about three miles per sec- 
ond. 

The geological map of Europe, which has been under 
course of preparation by a committee of the International 
Congress of Geologists since 1881, contains 49 sheets, of which 
six are now ready for issue, including Scandinavia, northern 
Germany, and parts of France, Belgium and Poland. It is 
expected that the next ten sheets will be issued within a year, 
to include the British Isles, France, Spain and Portugal, Italy, 
and Switzerland. In the drift-covered area of northern and 
northwestern Europe, the bed-rocks, where their distribution 
is known, will be shown by thin bands of color over the colors 
for the Quaternary formations. The subscription price for 
the entire map is |20, but this may be paid in instalments 
as the successive parts are issued, the proportion for the first 
part being |2.50. Subscriptions must be sent to Dietrich 
Reimer, Berlin, before the close of this year, after which the 
price will be increased. — Nature^ Sept. 20. 
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SKETCH OF DR. JOHN LOCKE. 

By N. K. WlNCHKLI.. Minneapolis. Minn. 
(I'lufX. P,.rlr«il.) 

Fifty years ago the person of John Locke, of Cineinnati, 
wue a familiar object to the higher circles of science in that 
city. Nn lefiB familiar to the geologists of fifty years ago was 
the personality of his genius and the power of bis industrious 
pen. As a geologist, however, hie career was short. He re- 
turned to the medical profession, and secondarily to physics 
and astronomy. His chief laurels will always be found in the 
eontributions which be made to other sciences, yet as an orig- 
inal contributor to geology he was associated with Owen, 
Hall, Shumard, Whittlesey and Foster. 

Born Feb. 19, 1792, at Lempster, N. H., he spent his boy- 
hood at Bethel, Maine, where his father was proprietor of 
"Locke's mills," still known.* Here he took much interest in 
the niBchinery of the mill and in the physical problems in- 
volved, exhibiting a precoeiousncss which marked him 
throughout his early career, and which took the direction of 
mathematics and natural science. He became greatly inter- 
ested in botany, and published a text book which was ad- 

•Thr wrili-r is uiKl.-r ..lilijriiii.iiis i.i Mr. J. li. Ijicki-. ..f /.iimUMn.. 
Minn.. ]>o|.lit-w «r Dr. John l»ck<', fur miicli inrorniHliun (-oncvrninK 
th.'|»'rsoniil histiiryHndclmriictiTor Dr. Juliri UM.'k^. «:»! fur tli.' us.: 
iif n co|i)' iif Ihv mi-miiriul Hddn-sx iif l>r. M. ». Wriirhl. Uelivi-ped at thr 
riHjiicxi of llii- Cincinnati Mcdicnl Sucii'tv. There is also an account iir 
Dr. I»ck.' in iMk "Ulslor.v of IMhel. Mc..' imbiishcd In ISM. by Dr. 
Wm. It. I.HphHm, Col. ('has, Whittlesey alKii gHV« n hricr, apprcclHtivi- 
sk<-tch lit him in ihf MiiRn/ine nf Western Hisior.v. 1S85. p. m. In the 
Am. Joiir. Sci. (2), xxii. p. :t(H, in a brief obituary Dittk-e. iif thirtwii 
.ini's. Ther<' is iiIsm. a skeicii in the "I»cke xenealoK.v." IhtNUin, IW:t. 
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mired for the simplicity of its arrangement. At Bridgton he 
made the acquaintance of Seba Smith, author of the "Jack 
Downing letters." He was turned from the effort to procure 
a collegiate education because the ordinary college course in 
those days comprised little that was practical, and embraced 
mainly those studies in which he had no interest. He chose 
medicine; and was for a short time at Dartmouth college, 
but took his degree at Yale, to which place he was attracted 
by reading "Silliman's Travels in Europe." Resigning a po- 
sition in the navy because of the unwholesome sanitary con- 
ditions which he noticed on shipboard, he returned to New 
Haven, where he had established a reputation for industry, 
energy and ability. 

Scarcely four years had elapsed since he left the valley of 
the Androscoggin. He had taught botany at Keene, N. H., 
had been appointed, through the friendly influence of Prof. 
Bigelow of Boston, procurator of plants for the botanical gar- 
den of Cambridge, under the patronage of the Massachusetts 
Agricultural Society, had delivered public lectures at Port- 
land, Maine, botanical lectures at Dartmouth college and at 
several academies, had issued a popular scientific work and 
had become a doctor of medicine. All this was accomplished 
without one dollar of patronage or support, except that crea- 
ted by his own exertions. His father, although not destitute 
of means nor of intelligence, could not fathom his designs nor 
appreciate the tendency of his labors sufficiently to induce 
any pecuniary outlay. He reasoned : '*If the boy can summon 
courage enough to appear before learned men and by his un- 
aided efforts has acquired knowledge enough to impart to 
them instruction, he needs no assistance from me; his own 
will seems destined to achieve that which money cannot pur- 
chase." 

He then made an unsuccessful attempt to establish himself 
as a physician, but resorted to teaching, in a female academy 
at Windsor, Vt. as assistant to Col. Dunham, who subse- 
quently removed to Lexington, Ky. It was through this con- 
nection that Dr. Locke was induced to cooperate in the estab- 
lishment of a new school, at Lexington, in which he bore the 
principal part. Col. Dunham having been unexpectedly de- 
tained. In 1822 Dr. Locke left Lexington, for Cincinnati, 
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which ho determined to make his abode for life. He estab- 
lished immediately a new school, long known by its high rep- 
utation, in which many of the present mothers of Cincinnati 
were his pupils. He was among the earliest instructors and 
lecturers in Mechanics' Institute, but the young mechanics 
went to his private apartments for instruction. He particu- 
larly excelled in making clear to his listeners the principles 
of chemistry and physics. They were inspired and attracted 
by his enthusiasm. He made with his own hand many of the 
instruments which he needed. 

In 1885 Dr. Locke was elected professor of chemistry in 
the Medical College of Ohio, and he entered upon his duties 
with the zeal of one having no thought of failure. He had 
been liberally patronized, and had been successful as a teacher. 
His associations had been adapted to his sensitive nature. 
All around were daughters, wives and mothers, sustaining by 
their intelligence and accomplishments his self-made reputa- 
tion. But bis desire for more ample scope for the study of 
scientific problems induced him to sever the pleasant and re- 
munerative relations which he had sustained for thirteen 
years. 

The chemical department he found nearly destitute of every- 
thing needed for illustration. His own handicraft supplied 
many pieces of apparatus, but he finally visited Europe in 
1887, for the purchase of much more. The college rapidly 
rose in reputation and patronage, largely due to the renown 
which was spread abroad from the energy and popularity of 
the department of chemistry. We will not, however, pursue 
the course which Dr. Locke carried out in that institution, nor 
dwell upon his magnetical or astronomical researches, some of 
which proved of the greatest value to science. The chief of 
these was his *'electro-chronograph," or "magnetic clock,'' 
which was pronounced by Lieut. Maury, of the National Ob- 
servatory, Washington, an invention of the highest value to 
the Coast Survey, *'a national triumph, belonging to that class 
of achievements by which the most beautiful and enduring 
monuments are erected to national honor and greatness." For 
this signal triumph congress voted him |10,000 in 1849, and 
the English government presented him a full set of magneti- 
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oal instruments. He also invented a "microscopic compass," 
and an instrument known to geologists as "Locke's Level." 

It was while he was absent in Europe, in 1837, that he was 
appointed one of the assistants on the Ohio survey under W. 
W. Mather, then just established. He took no part in it the 
first yenv. But his report for 1838 is probably the most val- 
uable contribution to the geology of Ohio which was made 
through that survey, by any single man. It is the most vo- 
luminous and the best illustrated. Prof. Orton, who again 
examined, for the second survey, the region on which Dr. 
liocke reported (S. W. Ohio), had occasion repeatedly to com- 
mend at once the scope and the detail of Locke's first report, 
saying that he had found it correct in observation and in gen- 
eraliiation. It gives one of the first expositions of the **Blue 
limestone," bringing out clearly the anticlinal form of the 
gt»ntle dips observable along the Ohio river, and showing that 
the coal IhhIs of eastern Ohio, on one side, and of Indiana on 
the other, could not p<issibly exist in the region of Cincinnati 
except high in the air, at 1.1(K> feet above Adams county. He 
giveH^ in connection with a colored map of Adams county, a 
perpendicular color^ section of the strata from the coal and 
cohtfh»merate of Scioto county on the east, to the west line of 
AilaiUM county, sup|Kv?ed to pass through West Union. Here 
hi* ivpie^ehls the Waverly sandstone at the east line of the 
eounlY, H4Ji iWt thick; followed by a bituminous slate, con- 
luiiiihj^coh!*picuous s^fptaria, now known as the Huron shale, 
ol* hi^^onian age, i^l fet^t thick: CHtf limestone, with basinf^ of 
iioh iMwiuNoIvingiu this bv>th the Devonian and Upper Silurian 
liiMi^itlohe!*, Si> feet thick: marl, 106 feet thick, probably Upper 
)«iilmiHH, lliutv liuivstone. 51 feet: clay marl, 25 feet, and 
Him* luuv'Aiv»nv, lAKH> ft»^t. Although the structure of the re- 
i^Imu h well uiHvU' v»at, therv is no attempt to assign the strata 
|m ihin iv^iH'clivv »^* by cvi^mparisons with other states or 
^\ till Kuii»pe. He iu;fcde aw excursion into the coal regions «>f 
11(1 .M.uilioi4'»lciii ^vtri v>f the stJite, and anotherunder the giiid- 
.iii> » 1. 1 IM IK tK v>weJu to Madison, Ind., for the purpose of 
.m|i.*uuiw •»iudN v»t* the stmt igraphy, particularly to deter- 
M.ii.i ilu luouuM v»f uttK'tivm of the Cliff limestone with the 
iM.i \M iho laiioi e\cursiv^« he remarks: "For the infer- 
i....iiMi( ,.i ihi^'.v \\hv» luiiv be inclined to make the investiga- 






i 



Sketch of Dr. John Locke, — WinchelL 845 

tion, permit me to observe that I shall not charge the Stute of 
Ohio my salary during this excursion beyond its limits, but 
as a sket<th of the information would, I thought, serve to show 
the connection of our geological formations with those of an 
adjacent state, I have taken the liberty of offering it to the 
service of our citizens." (p. 288). 

In this report he described and figured laotelus maximus 
(which he afterward changed to Isotelns ?/ie^i«^o«), comparing 
it accurately with fsotelus meyalops Green. His specimen was 
21 inches long, its great size being the only definable differ- 
ence which he could discover between it and Green's /. mega- 
lops, which was 5 inches long. He feared his specimen might 
be ^'actually an overgrown viegalops of Green.^' He made also 
a careful examination and illustration of certain peculiar "di- 
luvial grooves'' which he found seven miles above Dayton, on 
the limestone of Light's quarry, in Montgomery county. He 
compares them with grooves described by Dr. Hitchcock on the 
Primitive rocks of Massachusetts, and suggests that they may 
be due to icebergs floating over the terrace. *'The rectilinear 
course of these grooves corresponds with the motions of an im- 
mense body, the momentum of which does not allow it to 
change its course upon slight resistances." The glacier hy- 
pothesis of professor L. Agassiz had not then been heard of in 
America. 

The "first survey" of Ohio was discontinued because of the 
failure of the Legislature to make the necessary appropria- 
tions of money; indeed, the second year's work, and the most 
valuable portion of the report published in 1838, resulted 
from the unexpended surplus of the funds appropriated for 
1837. The survey was well begun and ably maintained, but 
its utility was not appreciated. 

The following year (1839) Dr. Locke was in the service of 
the United States government under Dr. I). D. Owen in the 
survey of the "Mineral Lands of the United States.'' It shows 
how little conception of the mineral wealth of the United 
States the government then entertained, to observe that such 
lands were defined as "all the lands in the Mineral Point and 
Galena districts which are situated south of the Wisconsin 
. and north of the Rock river, and west of the line dividing 
ranges eight and nine east of the fourth principal meridian. 
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together with all the surveyed lands in the Dubuque district,** 
and that a report thereon was required "before the approach- 
ing winter should set in."* Here Dr. Locke was entrusted 
with the "physical department" of the survey, as noted by 
himself, which he understood to include, especially, the baro- 
metrical observations, the measured altitudes and the geolog- 
ical sections. The report rendered by himf has the following 
parts : 

1. A comparison between the rocks of the lead or mineral n*gion and 
those of Ohio, Indiana and Kentucky, called the **Cliff limestone," 
showing their probable identity. 

2. Several sections of strata (the hight and thickness being deter- 
mined by the bargmeter) with drawings. 

3. The altitudes of table lands, hills, mounds and mountains, deter- 
mined by barometrical observations, with a chart. 

4. The result of numerous observations and calculations on the ele- 
ments of terrestrial magnetism, including the dip, declination and force 
or intensity of the magnetic needle at several places between Cincinnati 
and the region surveyed, and in that region itsi»lf, accompanied by two 
charts; together with some remarks on the practical uses of these ele- 
ments of magnetism. 

5. Surveys of a few of the earthwork aiUiquities of Wisconsin, with 
drawings. 

6. Some observations on the climate and meteorology of the upper 
Mississippi. 

7. Acknowledgments and concluding remarks. 

The lead-bearing limestone of the upper Mississippi .valley 
he considered older than the coal-bearing rocks, arguing at 
some length to prove that Keating's idea of their super-C^ar- 
boniferous position was erroneous, and that they were the 
equivalent of the ClilF limestone of Ohio. He gives colored 
sections from the south fork of the Little Maquoketa to Sin- 
sinewa mound, and across the Mississippi at Prairie du Chien. 
The former shows only the Cliff limestone, "550 feet in thick- 
ness, abounding in veins of lead ore, and the Blue limestone 
somewhat below water-level. The latter represents the Blue 
limestone about 400 feet above the river, 115 feet thick, un- 
derlain by the Butf limestone 20 feet thick, which restfl on a 
soft sugar-like sandstone 40 feet thick. Magnesian lime- 

♦KeiK)rt of Dr. Owen <lat«Hl .Ian. 20, 1840. 

fReiM)rt of John Locke, M. 1)., to David Dale Owen, M. D., principal 
agent to ••xplon* lh«* mineral lands of tin* United States. Included 
in Dr. Ow«*n's n'|H)rl urden-d to b«* prinl»Ml by liie Senate .June 11, 1844. 
This reiKirt was also printed by order of the House, in 1845. 
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stones and soft sandstones are still lower in the bluffs, the 
river being on a sandstone. Another section extends from 
the Blue mounds to the Wisconsin river at Arena. 

The greater part of Dr. Locke's time and energy were spent, 
during this survey, on magnetical and barometrical observa- 
tions, this being more in keeping with the trend of his ambi- 
tion and taste, as well as his instructions. He presents a 
"magnetical chart" showing the lines of equal dip, crossing 
the lead region. There was a curious notion prevalent, shared 
by Owen as well as Locke, that the dip compass might be af- 
fected by the ore bodies of the lead region, and Dr. Owen 
calls particular attention to the probable action of ^^protoxide 
of iron" on the needle. Locke, however, made a direct test 
as to the lead ore at Dubuque and found that the metallic 
vein exerted no peculiar magnetical influence. 

In 1847 Dr. Locke was again called to the examination of 
United States mineral lands. He received the appointment of 
first assistant, with instructions, in the early part of the sea- 
son of 1847, from Prof. C. T. Jackson, who had charge of the 
survey of the mineral lands in the northern part of Michigan. 
His field was from the mouth of the Chocolate river, where it 
joins lake Superior, to the little Bay de Noquet. This enter- 
prise, however, so far as Dr. Jackson's plans were concerned, 
resulted in failure. Personal ambition and jealousy united 
with political intrigue and partizan greed and effected the re- 
moval of Dr. Jackson, and the final completion of the survey 
by other hands. According to Dr. Jackson's statement in his 
final report,* he learned from the commissioner of the general 
land office that the "appropriation for the survey was endan- 
gered by certain representations which had been made to a 
member of Congress by persons opposed to it, or by persons 
who wished to supersede me, by limiting the appointment to 
a citizen of Michigan." He does not mention any individual 
by name, but it may be inferred from events which followed, 
connected with those which are patent in the report of Dr. 
Jackson, that the same gentleman who subsequently broke up 
the Michigan survey under Dr. A. Winchell, had no little influ- 
ence in effecting this revolution. Dr. Locke's report for 1847, 
so far as it appears in the printt'd report of Dr. Jackson, con- 
♦.fournal of lh«* (leologicul Siirvoy fur 1848. 
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sists of magnetical and barometrical observations, a catalogue 
of specimens collected, and daily journal from July 8, 1847, to 
August 30, the last mentioned evidently kept by some member 
of his party. It appears from this journal that Dr. Locke, 
after making a reconnoissance southward from lake Superior to 
the waters of the Escanaba river which enters little Bay de 
Noquet, returned to lake Superior, and thence, on his way to 
lake Michigan to make connection by way of little Bay de 
Noquet, made a detour into Canada, visiting the region of 
Bruce mines and Echo lake, and subsequently noted the geology 
of the shores of Drummond's island. Of the geology of this 
season's work, on whi^h he was engaged in making a full re- 
port, with maps, Jan. 23, 1848,* date of his letter transmitting 
his magnetical observations, there is no report in Jackson's 
final report. Of this Dr. Jackson says: 

I have sent Dr. John Locke's report on magnetic observations, and hav»* 
requested him to send in some additional matter on the subject, and 
also his niites or rejxirt on the peolojery of the district which I assigned to 
him in 1847. His occupations in another service of the country during 
the past year have prevented his completing his geologrical reiwrt in sea- 
son to forward to me, but I trust it will be communicated to you in 8t»H 
son to be printed in m}' rOport. 

In 1848 Dr. Locke 
**wns detached, by orders of the Secretary of the Treasury, as a mag- 
netic surveyor, in accordance with my request, and a vacancy thus 
made in the assistants' corps was filled by my promotion of Mr. J. AV. 
Foster to th«* place of assistant ge<ilogist." (p. 370.) 

Dr. Jackson also says (p. 424) : 

"Dr. .h)hn Locke has been detached at his own request, and by the 
advice of the honorable Secretary of the Treasury, to make magnetic 
observations on both Dr. Owen's district and mine; but owing to the 
lateness of the pa.ssage of the approf.riation bill, did not enter u|K>n field 
duties this year. The appropriation bill not passing till August, it was 
C(»nsidi'n'd then to be ttw) late for the beginning of Dr. Locke's field 
duties, and the means placed at the disi>osal of Dr. Owen and myself 
were not suflicienl to maintain that survey until the appropriation 
should be plae<Hl at our disi>osal. This was a matter of regret, for the 
magnetic obsi'rvat ions had already begun to yield interesting n»sults." 

Dr. Locke does not seem to have returned to the survey 
under Dr. Owen, nor indeed to have been again actively en- 
gaged in the geology of the Northwest. He was doubtless 
<leeply involved in his magnetic studies, to which Dr. Jackson 

*.Iackson's n'jMirt. p. .mO. 
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seems to refer in his own report as "another service to the 
country." His synoptical report for 1847, dated October 25, 
and printed in the Senate documents (II) 30th Congress, 1847- 
48, as a part of the report of the commissioner of the general 
land office, was sent in response to an earlier request of Dr. 
Jackson. It illustrates the negligence which pervaded the 
superintendence of the public printing at that date. It was 
so badly printed that, according to Col. Charles Whittlesey, 
Dr. Locke repudiated it entirely.* Following is an example 
of the proof-reading which it exhibits. It purports to be a 
list of the "Crustaceous" collected by Dr. Locke : 

Calemons (probably the sonaria ofceranriis pleut courit»d)n'X unthoms. 

(inM?n. 

Isolctus jrigtTs. 

Isoletus mcsistus (mihi). 

Asaphus — a larjf(» spf»cii*s. 

The report confirms the prevalence of the idea that both the 
iron and all the other ores of the region were in some way de- 
pendent on magnetic currents and could be discovered by the 
use of the dip needle. He refers to a general statement made 
by him,f that his experiments go to show that the general na- 
ture of the subjacent rocks may be ascertained by the mag- 
netic elements, the instrument serving the purpose of a divin- 
ing rod. This idea he considered that his summer's observa- 
tions did not contravene, but he also had discovered that there 
are greater deflections or local attractions in the northern part 
of Michigan than in other parts of the country. He projected 
a general magnetical chart of the United States, a kind of 
Physical Atlds. He calls attention to the incompatibility of 
magnetical and geological observations when conducted simul- 
taneousl}', the former requiring more rapid travel and less ex- 
posure to delicate instruments. He suggests, what ultimately 
occurred, that the iron ore of the Negaunee region would be 
profitably brought to the limestone region of Bay de Noquet 
for smelting. He did not reach the mouth of the '^Escanawby," 
owing to his insufficient force for "packing" the necessary 
provisions. John Locke, his nephev/, was with him. His de- 
scription of ^'pictured rocks'' is interesting, as follows: 

*Maj^a/.in(' of \\VsU*rn History, 188.'). 
fTniiis. Am. i'hil. Soc, April 1S», 1844. 
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PicTuiiKD Rocks. 

I had passed and repass«'d the "grand portar* of the pictured rocks 
three different times and had once made a sketch of it, but it seems I 
had never ascertained the extent of its interest. In passing it lately, all 
the circumstances being favorable, we determined* to enter the arch 
with our boat, and though our masi was only about 16 to 18 feet high, 
still the feeling, as we approached, was that we must take it down to be 
able to pass under the apex of the arch: but drawing nearer the mast 
seemed to shrink and the arch to tower upward until our sail shook un- 
der a vault of 120 feet high. So much is the eye deceived by a general 
proportionate grandeur. Entering, we found ample room for a vast ship 
of war, with sails all standing, to conceal herself, turn round and come 
out without impediment. Although the water is deep for three-fourths 
of the way, yet, at the far end of the cave there is, first, a pile of huge 
fallen blocks of sandstone, and beyond these a sand beach 50 to 60 feet 
wide. Excited by a work so magnificent, I -tk^ermined to make it my 
observatory until I had ascertained its form and dimensions as accu- 
rately as expedition would permit. For this purpose, and to enjoy a 
romantic luxury', 1 resolved on spending a night where I need not call 
on the mountains to hide me. 

As there was a spice of danger in spending the night in this palace of 
winds and waves, I landed the party to encamp on the sands near the 
Doric rock, and was then transported and left in the cave, with my 
nephew and instruments, the voyagers returning with the boat to the 
encampment. Here we were more securely imprisoned than Napoleon 
on St. Helena, the only means of escape being to climb over hanging 
rocks 200 feet high, or swim half of a iftile of the lake, with water so 
cold as to stiffen us in one-eighth of that distance, and our provisions, a 
few sticks of wood, which we brought in the boat, and a bucket of bean 
soup. But we gave ourselves no anxiety, for we had too much work to 
jMirform. Immediately we measured our base line, for triangulation, 
500 feet long, all within the cave of the great arch I 

At this part of the pictured rocks there is a table of sandstone about 
200 feet high, presenting to the lake a perpendicular wall (»f waving 
and angular outline for several miles. At the grand portal the rock juts 
out into a short pt»ninsula by two curves, which come up like the curves 
from the shoulders in each side of the neck. At the end it is abruptly 
truncated, as if the head had been cut otf. Into this truncated end en- 
ters the grand iK)rtal arch, about 120 feet high, and, penetrating about 
300 feet, terminates in two smaller arches. Near the far end, a cn>ss 
arch, oiKMiing on each side of the neck, traverses the main cavern. 
Thus the ground plan, like that of ancient cathedrals, is a cross. In the 
portal, however. th«' heatl of the cross is double. We ventured to give 
names to the various apartments. 1st. The grand dome, opening in the 
grand iK>rtal. 2d and Jid. The first and sect>nd dormitories. 4th. The 
left wing of the cross. .Ith. The right wing of the cross. (Uh. The 
vestry, with columns, gruined urchesand (Jothic windows, communicat- 
ing with the right wing. 7th. The Egyjitiun labyrinths, consisting of 



Sketch of Dr. John Locke, — Winchell, 851 

cyliudric and groined galleries, supported by peculiar columns, having 
a distinct res<»mblance to the Egyptian, communicating both with the 
ri^t wing and with the grand dome. The form of the columns is that 
of two elongated bells, with the two small ends joined to form the mid- 
dle of the shaft: or, to detail the figure, it is expanded at the top like 
an inverted bell, contracting rapidly as it descends, and, by a gradual 
curve, becomes nearly cylindric for some distance; and again it con- 
tracts, on a gradual curve, till it comes almost to a |X)int. where it 
meets the same figure rever8<»d. This form is essentially beautiful, be- 
ing a solid, generated by rotation of Hogarth's sigmoid line of grace. 
To explain tht? mode of its formation would lead to too long a discus- 
sion. 

Our most active and fnilicsome half-breed voyager had waded the 
water and, without our perceiving him, had entered the labyrinth. To 
our surprise he thrust his head out of a hole in the wall of the grand 
dome and uttered a hideous growl. His companions instantly took up 
the drama of the beast in his den. and hurlod .a volley of fil4>nes at him. 
Darting back, Legarde presented his head at another opening and defied 
his pursuers with a still fiercer snarl. Instantly there followed another 
volley, another evasion, and another peal of laughter echoed back from 
the dome. I labored hard until dark, and then discovered a new dan- 
ger in making it my place of rest. I found a great part of the interior 
of the cave U) be lined with a shell of stone, loosened by last winter's 
frt>8t, and ready, at all points, to fall with crushing force. Going back 
to the farthest recess of the dormitory arch, I knocked off all the loose 
stones, propped up my cot on piles of rocks and composed myself to 
.sleep, not unmindful, as I laid down, that the canopy of my bed was of 
solid stone 2()0 feet thick, with a forest of fir trees on top as the orna- 
mental fringe. About midnight I arose, lighted a candle, built a fire, 
and walked forward with my lantern to the farthest block of st<ine. 
Here I gazed at the great star-lighted window, presented by the portal 
arch: and, as I .stood, the [lolar star just twinkled on the verge <»f the 
optMiing, making the angular altitude equal to the latitude of the place. 
Again I laid down in the dormitory and listened to the dirge-like music 
of the ripple as it kissed the rt>cky fragments and danced into the laby- 
rinths. In such situations there is often a mirage of sound as wonder- 
ful as that of light. The discords seemed to be absorbed, and the har- 
monious notes are echoed and reverb«»rated with more enchanting sjx'lls 
than b<*Iong to the leolian. Commingled with the dirge (»ne imagines 
imitations of cascades, hail, rain and storms. This was pianissimo. 
The fortissimo would be witnessed when the northern storm should 
drive the thunder of the great lake int<» the grand iK)rtal. Suppose this 
was to have hup|H*ned while I was a tenant, it was really what I desired. 
An avalanche of n)ck surtlcient to have crushed a city had fallen just 
outside of the left arch an<l laid rudely piled to the hight of M) feet. 
Thither I would have retreated t<) witness the bltMKlless battle of the 
elem(tnts; for a Innir war has b«*en waged between waves and rocks, in 
which the nicks, so far, have been obliged to yield. Morning came, and. 
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with the dawn, myself and nephew were at our work of trianfrulatin^r. 
Finally, havinj? completed the survey and obtained geological si»eci- 
mens of great interest, we joined ourselves to the world again. I shall 
calculate my observations, make drawings of ground plan and elevations 
and include them in my rept^rt to Dr. Jackson, and, through him. u» the 
government, that, if they are found worthy of it, they may b«» published. 
I need hardly say that such a curiosity, in such a climate, deserves n 
visit from the Cinciiinatians during the hot months. Within half a 
mile is a boat harbor, a fine camping ground, and still another half mile 
along the beach is the Chappel rock, and still nearer a cascade. Beyond 
this again is a cascade, leaping from the top of the pictured rocks clear 
into the lake, and blowing a blast of wind in all directions from where 
it strikes the water sufficient to pro{>el a sailboat. 

The grand portal is less extensive than the mammoth cave, being a 
mere fraction of it: but it has several compensating beauties. It has a 
light and fine breeze, and it is, at the same time, as cool. You arrive at 
all of its beauties without fatigue, and enjoy, through itsoi>«'n arches, 
the most extraordinary landscapes.- Through the grand portal you see 
only the shoreless lake. Through the western opening of the cross arch 
a limited but magnificent view of the lake, the pictured rocks overhang- 
ing its dark blue waters, on whose surface, when calm, those rocks an» 
reflected into a symmetrical counterpart of the original. Through the 
eastern wing is seen also the laki' and pictured rocks, dying away in 
well marked perspective, as one point sinks behind the other, to the 
distance of 10 miles. In the course of this iwrspective is the cascade of 
Chappel river, the Chapi>el rock and the cascade of the winds. This 
cross arch is 500 feet long and so straight that light is seen through it 
from one side to the other. 

Mr. Schoolcraft passed through it with his boat, but the lake having 
fallen about four feet it is now barely dry, and the only entrance by 
water is by the grand portal. 

Dr. Locke identified the Blue limestone on St. Joseph's 
island, and the Clitl'on Drummond island. The latter he traced 
westwardly to great Bay de Nocjuet. From the dip and the 
succession of the various formations between St. Joseph's and 
Drummond islands he concluded the red sandstone at St. Ma- 
ry's falls belojigs beneath the Trenton and Cincinnati lime- 
stones, *'and is therefore rather the older red sandstone than 
the new red sandstone.'' This was contrary to the opinion of 
both Jackson and Houghton. The limestone (the Trenton) 
which he found on the west side of little Bay de Noquet be 
rather thought belonged to the Carboniferous, and imagined a 
fault-plane running north and south under little Bay de No- 
quet in order to bring about such a position for a much younger 
limestone, as he knew of no such rock beneath the Blue lime- 
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stone at Cincinnati. With the exception of this error, he out- 
lined the geology of the northern peninsula of Michigan 
eastward from Keweenaw bay. If his full report on this ex- 
amination had been completed and published it certainly 
would have constituted an important chapter in the progres- 
sive development of the geology of that state. 

This, apparently, was Dr. Locke's last geological work. The 
study of magnetism and the increasing exactions of his pro- 
fessorship at Cincinnati engrossed all his attention. 

Personally, Dr. Locke was slightly above medium hight. 
From his feet to his eyes, as stated by himself in explaining 
the use of his **level,'' he measured 5 feet 5 inches. He was 
not physically rugged : his countenance had usually the sickly, 
almost sad, expression of a severe student. He was indifferent 
to exposure, either of cold or rain, and never carried an um- 
brella. When involved with some problem of physics it was 
his habit to give himself no rest. His nervous excitement sus- 
tained his physical powers with little aid from sleep. Pros- 
tration usually followed, but he was soon at his work again. 
This habit doubtless permanently injured him both mentally 
and physically, for his death at 64 years was described as due 
to '*a breaking up, as it were, of the great nervous centers." 
In manner he was marked by the dignity of his address and 
the courtliness which partook of the old regime of the eigh- 
teenth century. He was a man of fine presence, with an open 
and benignant countenance, in all respects a rare specimen of 
cultured manhood. In Ohio his home was for some time at 
Lebanon, the home of Tom Corwin, and they became firm 
friends. Locke, Corwin and Thomas Ewing, the last the 
father of Mrs. Gen. W. T. Sherman, were very close friends, 
making a notable trio. It was at Corwin's instance that Con- 
gress purchased Dr. Locke's electro-chronograph. 

Dr. Locke married Mary Morris, of Newark, N. J., in 1825. 
She had been one of his pupils. She was a most estimable 
lady and his domestic life was a very happy one. They reared 
a large and interesting family, but one son died 3'oung and 
two in early manhood. 

Dr. Locke's career, from first to last, was a remarkable one. 
Single handed, as a youth, he attacked the outworks of a great 
problem the issue of which was, to say the least, precariou 
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to win a recognition among educators and scientists. He 
made rapid progress toward the front. His inventions were 
numerous and his publications were of the highest value both 
in physics and geology. For seventeen years he held an im- 
portant professorship in one of the leading institutions in the 
central portion of the United States, and at his death it was 
truly said that the country had lost one of its foremost citi- 
zens. 

The following list of Dr. Locke's publications is probably 
complete for his geological contributions. There is mention 
made, amongst the memorabilia sent by Mr. J. B. Locke, of 
an English grammar, and a "pamphlet on Toxicology," but of 
these no further information can be obtained. 

List of the Publications of Dr. John Locke. 

Outlines of Botany. 1810. 

The microscopic compass: invented by John Locke. Am. .Tour. Sci., 
Vol. XXIII, 1833. pp. 237-243. 

On a larjre and very sensitive thermoscopic galvanometer. Phil. Mag.. 
London, 1837. [Reprinted in Am. .lour. Sci., XXXII, pp. 365-308, 1838.] 

Magnetical observations at Dayton, Springfield, Urbana and Colum- 
bus, Ohio. Jour. Franklin Institute, Oct. 18.38. 

Geological rei)ort communicated by the governor to the Ovneral As- 
sembly of Ohio. Dec, 1838. Addressed to Prof. W. W. Mather, princi- 
pal geologist of the survey, Of) pp. octavo, 15 plates and a colored geolog- 
ical map of Adams county. Published in the second report of the first 
survey. 

Re]K^rt on the e.\ plosion of the steamboat Moseler, 1840. 

F^Iectricitv in steam. Contributed to the National Institution for the 
Promotion of Science, Jan. 22, 1841. [Apparently not published.] 

On a new species of trilobite of v«'ry large size. Am. Jour. Sci., 1842, 
XLII, p. 300. 

Alabaster in Mammoth cave, Kentucky [Illustrated]. Am. Jour. 
Sci., XLll, p. 200. 1842. 

On the manipulations of the dipping compas.s. Am. Jour. Sci., XLII, 
235. 1842. 

On the geology of the upjx'r Mississippi. Am. Jour. Sci., XLIII, 147, 
1W2. 

A new si)ecies of trilobite of very large size. Report of the Isl, 2d, 
and 3d meetings of the A.s.soc. Am. Geol. and Nat. [1843], pp. 221-224. 

[Note. — This trilobite is the same as described in the Ohio report for 
18:^8, and in the Am. Jour. Sci., 1842, but the name is here changed to 
JsoteluH 7ne(iu*(on.] 

Ancient Earthworks of Ohio. Rep. 1st, 2d, and 3d meetings, Assoc. 
Am. G»H)1. and Nat. [1843]. pp. 229-238. 
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A new reflecting level and goniometer. Rep. 1st, 2d and 3d meetings, 
Assoc. Am. Ueol. and Nat., p. 238 [1843]. 

Notice of a prostrate forest undt*r the diluvium of Ohio. Rep. ist, 2d, 
and 3d meetings, As.soc. Am. (ieol. and Nat. [1843], pp. 240-41. 

Observations on Cryptolithus te.sselatus. Proc. Phil. Acad. Sci., 1843, 
pp. 190-230. 

l>t»scription of Ceraurus crosotus. Am. .lour. Sci., XLIV, 1843, p. JJ40. 

Supplementary notice of Ceraurus cn>sotus. Am. Jour. Sci., 1843. 
Vol. XLV, p. 223. 

Casts of American fossils presented to the Phil. Acad. Nat. Sci. Vol. 
I, 184:}, p. 174. 

Sulphate of lime or fibrous gypsum from Mammoth cave, Ky. Phil. 
Acad. Nat. Sci., Vol. 1, p. 244, 1843. [F'or this the name oulophyllites 
is suggested.] 

Report of John Locke, M. I)., to David Dale Owen, M. I)., principal 
agent to e.xplore the mineral lands of the United State's. Embraced in 
Dr. Owen's report of W(»rk done in 1839, in Iowa, Wisconsin and Illinois. 
Senate Ex. Docs., No. 407, 28th Congress, 1st Sess., 1844. [This report 
was first printed as a part of a special message from the president (dated 
June 4, 1840) in 1840, without the accompanying charts, sections, and 
other ilKistrations, Besides the edition ordered in 1844 bv the Senate, 
1,500 coi>ies, the Hou.sc ordered for its own use, an edition of 5,000 
copies, Feb. 25, 1845.] 

Observations maile in the years 1838, '39, '40, '41, '42, and '43, to de- 
termine the magnetical dip and the intensity of magnetical force in sev- 
^^'ral parlsof the United State's. Trans. Am. Phil. Soc, Vol. IX, 283-315, 
April 15, 1844. 

Grology of Porter's island and Copp«»r Harbor [Isle Royale]. Trans. 
Am. Phil. Soc, IX, 311, 312 (pp, 305-315), with maps, 1844. 

(ieology and Magnetism. Trans. Am. Phil. Soc, April 19, 1844. 

Observations on Terrestrial Magnetism. Smith.sonian Contributions, 
111, Art I, pp. 1-29, 1851. 

. Trans. Am. Phil. Soc, 1840, p. 242. 

Ilescription of Asterias antiquata, from the lilue limestone of Ohio 
PrtK'. Phil. Acad. Sci., Vol. Ill, pp. 32-34 (with figure), laiO. 

[Note. — In this I>ocke corrects the idea maintained by Tr(K>st and 
Featherstonhaugh that this is the Carboniferous limestone.] 

Synoptical re|X)rt on the geology of the northern |x*ninsula of Michi- 
gan, addressed to Dr. C. T. Jackson, Oct. 25, 1847. S<!nate document.s, 
1847, Isl Soss., 30th Congress, comprising pp. 183-199of the reiwrt of the 
Commissioner of the General Land Ottlce. 

Catalogue of si)ecimens forwarded t4) Dr. Jackson by John l-iocke, 
lK»c., 1847. In Dr. Jackson's report for 1848, pp. 547-550. 

U. S. Geological survey of public lands in Michigan — Field-notes. 
[Flvidontly these notes were taken by st)me member of Dr. Locke's party 
in 1847.] Dr. Jackson's report for 1848, pp. 550-570. 

Reiwrt of Magnetic obs<>rvations by Dr. John Ix>cke, assistant geolo- 
gist. In Jackson's rei)ort for 1848, pp. 572-589. 
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Report on the invention and construction of the electro-chronograph 
clock at the National Observatory, Washington. 1851. 

Catalogue of rocks, minerals, ores, and fossils collected by John 
Locke during 1847. Smithsonian Report, 1854, pp. 367-383. 

The devotee of Science and the National Institute. [Quoted by Dr. 
M. H. Wright in his memorial address, p. 42, 1857.] 



THE "SLATE BINDERS"* OF THE "PITTSBURG" 

COAL-BED. 

By W. S. Greslev. F. G. S.. Erie. Pa. 

Given, a **bench'' or layer of good bituminous coal, of very 
uniform quality, varying in thickness from say 22 to 27 inches, 
with one or two more or less irregular slaty partings or bind- 
ers here and there in it; and imagine such a deposit spread 
out over at least 15,000 square miles. The edges or outcrop- 
pings of this layer of coal reveal no signs of a beginning or of 
an end; in other words, there is nothing to indicate that this 
coal did not originally extend hundreds of miles beyond any 
of its existing limits. We will not now discuss the question. 
How did this layer of coal get where it is? but proceed at 
once to observe that it has a practically dead-level and even 
surface or top.f Suppose this vast expanse of dead-level coal 
vegetation to be completely covered or sealed over by a thin 
layer or band of shale, or "slate," as miners call it. We will 
suppose the thickness of this film of shale to be from :J to ^ of 
an inch only. Imagine a practically unbroken 15,000-|- square 
mile sheet of shale only f of an inch thick ! On top of this 
shale-band let a second and equally uniform layer of the same 
coal as the thicker one below, be deposited, whose thickness is 
about 4 inches — a layer of coal practically free from impuri- 
ties, and, in every respect, similar to the rest of the seam, re- 
garded as a whole. Again, on top of this 4-inch band of coal 
conceive a second layer of shale to exist, in thickness and kind 
just about the same as the shale-layer 4 inches below it. Then 
above this suppose we have a uniform bench of coal 8 feet to 

♦BindtTs, in coal, an* lliiii intt'rslratificd layers of shaKs more or U*ss 
mixed with pyril«'s, etc. 

fTlu* only breaks or interruptions of the continuity of the seam b<*inp 
a few small and local banks or ridj^i's of rock, called "horse-backs/* 
rising from the Moor. 
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5 feet high. Here, then, we have three separate and distinct 
benches or divisions of a coal-searo separated horizontally by 
a couple of thin, parallel-bedded layers of shale; or, looked 
at in another way, we have a, say, 15,000 square mile 4-inch 
band of excellent coal sandwiched between two very thin, but 
remarkably persistent layers of what is presumably hardened 
mud, these again being enclosed by thicker layers of the same 
kind of coal. Now, the foregoing is in reality a description 
of what actually occurs in nature ; it is the lower or workable 
division of the "great Pittsburg bed." These two "slate-bind- 
ers" seem to be so remarkable as regards their geographical 
extent, uniformity in thickness, composition, distance apart 
vertically, etc., that some special effort ought to be made 
to explain: 1 — What they are or signify; 2 — How they 
got there; and, 3 — Whence they came, — three questions, so far 
HS I know, not yet at all satisfactorily answered, and much 
less easy of solution than at first sight appears. My wish in 
this connection is that this paper may stir up sutlicient in- 
terest in this matter to lead to further, extended, and closer 
observation ; and such a detailed study of the Pittsburg bed 
as it (a typical one) surely deserves and ought to receive at 
the hands of all local geologists and men capable of doing 
useful work on it. Of course, the question of the origin and 
formation of the shale-bands in the coal opens up that of the 
whole question of the formation of coal-seams, for the bands 
are part and parcel of the seam ; the two substances (coal and 
shale) cannot be considered separately. 

Most geologists have access to about all that has been pub- 
lished in the way of detailed sections, etc., of the Pittsburg 
bed, and so are more or less familiar with its geographical 
extent as shown upon geological maps; so that to copy a host 
of sections and cite others would be superfluous here. We 
all know by this time how vastly greater in areal dimensions 
this seam of coal must originally have been, compared with 
what it *9 now. Prof. I^sley sees no reason why it may not 
have extended north far into what is now Canada, and north- 
east at least as far as the hard coal region of Pennsylvania. 
That it is a typical coal-seam nobody disputes; that the coal 
is the remains of Carboniferous- period vegetation no geolo- 
gist denies; but hotc it got there^ nobody knows, although 
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some seem to think they know. In order to reach a reasonable 
explanation of the origin and formation of the shale partings 
we should, if possible, be able to answer the questions : where 
did the coal vegetation all grow or come from? and how was 
it put in place? But whether it grew on or about the spot 
where its remains now are, or was transported or sorted by 
water in one of the several ways geologists have supposed 
(myself among them), we may, I think, take it for granted 
that the lower of these two shale-layers got there during a 
pause, — a temporary stoppage of the growth or accumulation 
of vegetable matter within the region affected by the slate- 
parting. However this may have been, we will proceed to 
look closely at the "slate" itself. As the appearance of the 
two slate-bands is identical it matters not to which the follow- 
ing description be applied: 

Deacription of the shale forming parallel bands in the Pittsburg coal. 

Macroscopic. V<*ry fine-graiDod, in fact granules of ground nnass not 
•distinguishable. Specks and streaks of coal. Often a brecciated ai>- 
pearance, due to mottling. Should suppose the sediments had been 
derived from clay-slate or still older muds. 

Texture. Homogeneous, compact. 

Fracture. Irregular, splits roughly i)arallel with bedding planes. 
Almost free from joints. 

Streak. Pale, brownish gray. 

Luster. Earth V, dull. 

7'aste. Sometimes salt or astringent (? alunogeit). 

Color. At a distance, dark, brownish black or gray ; close to, varie 

gated or mottled by numerous shades of gray, brown, etc., of which 

more further on. 

Sp. gr. Probably about 2.00. 

Non- plastic. 

Fossils. Flat, long leaf or reed-like, compressed forms of an obscurt* 
nature; many macrospores. Impressions on surfaces of SigiUaria^ etc. 
[Sfigmara never recorded in this seam.] 

The shale sometimes parts easily from the coal next it, but 
in other places the planes of demarkation are less pronounced. 
So far as my observations go, the shale bands only show ab- 
normal thickening in proximity to or in contact with faults 
or comparatively recent disturbances of the coal bed, where 
the cause is easily explained. The "cleat" in the band of 
coal between the two thin slates is the same as that of the 
lower and higher benches of the seam, viz., strikingly uni- 
form. 
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As to the mottlinff. I can best describe this by saying the 
rock is rudely but obscurely brecciated or frugmental-looking, 
oft«n grading into a marbiy or Btreaky vein-like, vitreouB as- 
pect, as though a variety of fragments of ahale, etc., of different 
tints had been in a semi-liquid or run-together state, producing 
a slaggy or drawn -together, kneaded aspect. Some parts of 
the rock are much darker than others. There seems to be 
considerable differentiation in coloring and in shapes and 
sizes of the blotches; the individual blotches arc even varie- 
gated, spotted, streaked, etc. In general, the appearance, as 
revealed by a pocket lens, when the rock is wet, and in a 
strong light, reminds one somewhat of the structure of ordi- 
nary serpentine. Pyrites occur in tiny nests or aggregates of 
crystals scattered through the groundmass. 

A polished surface of a fragment viewed at right angles to 
the bedding planes shows the character of the mottling or 
marbling shown in f 




Fio. 1, Fio. 2. 

Viewed in the direction of the stratum, i. e. a transverse 
section appears as in fig. 2. Thus it will be seen that the 
blotches are several times longer in the horizontal direction 
than they are vertically. 

The f()Bsils do not seem to pay any attention to the varie- 
gation, nor does the texture of the rock vary with the blotch- 
ings. It would appear therefore that the mottling is the re- 
sult of chemical action among the particles produced since or 
during consolidation of the deposit; though one occasionally 
finds a specimen imitating variegated breccia to a degree 
which even" suggests uncertainty about the mottling after all. 
That the particles composing the shale were largely derived 
from feldspars is tolerably certain; and the mottling process 
may even be still going on. Of course the layers of shale 
originally possessed horizontal limit8,and,if they be regarded as 
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layers of sediment transported and stratified by or under water^ 
the original shape was probably more or less lenticular, being 
thicker and coarser shoreward, and thinner and finer-grained 
seaward. And since, in the area in which these binders are 
now confined, their composition, texture, etc., hardly seem to 
vary at all, we naturally ask. How large an area did the now 
denuded, binder-divided coal seam once upon a time cover?; 
the only answer is, simply immense! Can we suppose any- 
thing short of scores of times larger than at the present day! 

What do the facts seem to suggest? 
(a) Having to deal with a comparatively very thin sheet of 
what looks like an originally almost impalpable powder or 
the finest slime or mud, distributed in a marvelously uniform 
manner, and covering an area almost continental in size, we 
wonder which of the known ways in which strata are formed 
best answers or explains the phenomena. Basing our argu- 
ment upon the supposition that the termination of the deposi- 
tion of the stratum 'of coal-forming vegetation upon which 
the lower sheet of shale rests, found that stratum lying prac- 
tically level as accumulated under water or on the bottom of 
a vast lake or inland sea, let us endeavor to imagine the wa- 
ters to be charged with fine particles of sediment, brought in 
from the mouth or mouths of immense rivers flowing in the 
then continental areas which furnished the sediments com- 
posing the coal-measures. The character of the shale binder 
points to a uniform mixture of sizes and kinds of particles, to 
an even or continuous supply of the same at the commence- 
ment of its falling to the bottom of the water, during all the 
period thus occupied in sedimentation, and up to the time the 
particles ceased to accumulate; practically no variation in 
strength or velocity of current of water supplying or parting 
with its muddy ingredients ; a rate of flow of water hardly 
perceptible; a period of calm as regards wind and waves; a 
depth of water absolutely the same all over the expanse or 
area of precipitation ; this implies perfect freedopi from local 
currents and irregularities of bottom; no drifting logs or 
snags to scrape or plow up the bottom ; a time on land of no 
floods or droughts important enough to interfere with or 
break the continuity of the supply of mud transported. We 
have also to suppose that the rivers, deriving sediment by 
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erosive proceBses on land, flowed over or through rocks of 
marvelous uniformity, otherwise how could the finest sedi- 
ments derived therefrom preserve their sameness?; also that 
no changes or disturbances took place from an off-shore or in 
a landward direction meeting the waters from the rivers ; a 
contemporaneous set of physical conditions, in short, are ap- 
parently demanded for the accumulation of this film or layer 
of mud, which is indeed hard to conceive. We ask. Can such 
a period be reasonably supposed to have actually happened? 
It must be borne in mind that it would take about 100 tons 
of sediment to cover each acre about \ inch deep; also that a 
15,000 sq. mile sheet of shale | inch thick is in the same pro- 
portion as one sq. mile covered by a film joJ^^ inch thick. 
Will or can transportation of sediment by water produce such 
wonderful uniformity of deposition or precipitation on the 
bottom as the application of the method calls for? 

(b) Take the eolian process. It seems to me that the ob- 
served facts in regard to these binders would entirely forbid 
the acceptance of the idea that this shaly material got there 
by the agency of wind, i. e. that it was dust blown or carried 
off the land and dropped in an even manner upon the quiet 
waters of a great inland sea. 

(o) Concretionary. If these parallel bands of shale had 
had a concretionary origin, they must have taken another 
form. Concretions are characterized by their irregular or 
nodular shapes, by a tendency to spherical or ringed structures, 
to differences in texture, hardness, fracture, etc., so that 
while the mottling may in part be due to some slight action 
of the kind within the layers, the origin and formation of the 
layers themselves cannot be attributed to concretion. 

(d) Substitution or replacement formations. This implies 
that the binders were originally part and parcel of the coal- 
bed, regarded as a whole, and that during solidification or the 
process of coal-forming most of the carbon and of the volatile 
matters made way for concentration (along definite horizons 
in the bed) of the inorganic matters in the vegetable mass; 
that in fact there was set up, at different bights in the coal- 
mass, molecular affinity, perhaps akin to the process of seg- 
regation or leaching, among the particles, resulting ultimately 
in the growth of definite sheets or bands to the nearly total 
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exclusion of coaly substances. Since replacements or concen- 
trates are almost entirely confined to calcareous and siliceous 
rocks and those readily acted upon by metallic solution8,and sel- 
dom take a regular horizontal or definite and stable form, I, for 
one, would not accept such an explanation of these coal-seam 
shales. To suppose that such shale-bands were originally thin 
films of chalky mud, since chemically converted into silica, 
alumina, iron, etc., etc., would, I think, be exceedingly unsafe; 
and yet the formation of widespread layers of something sim- 
ilar to chalk in composition at the present day (the "Globi- 
gerina ooze") over the bottom of the Atlantic ocean where 
deepest and farthest from land, would seem to furnish us 
with about the only way (as to physical conditions) in which 
our shale-binders in the "Pittsburg" coal-bed can be imagined 
to have accumulated. 

(e) Precipitates. There occurs to me only one other known 
process or way by which these binders could come into the 
coal ; it is on the supposition that the waters overlying the 
coal layers were so highly charged with minerals in solution 
that in the end there came a time when these were precipitat- 
ed as solid particles. Hence a sheet of uniformly-composed 
mineral ingredients was brought into existence and solidified 
where it \i\y. This theory makes these binders chemically- 
formed rocks. Hut, in my opinion, such an explanation of 
them will be rejected. 

Now, if the lower of these two slate-binders was really de- 
posited as a layer of fine silt or mud by the aqueous transpor- 
tation process, it becomes interesting to enquire: How was 
the succeeding or superimposed four- inch band of pure coal 
created or put there? for, in reality, it is abed of coal per se ; 
and they who would regard coal-beds as remains of trees, etc., 
that grew where or near where the coal now is, with under- 
clays for their roots to meander and develop in, will have to 
consider this i to J inch layer of shale as the underbed of the 
four-inch layer of coal. I merely make this observation here 
to show how exceedingly cautious geologists should be when 
attempting to handle the subject of the origin of coal seams. 

Geological text-books don't seem to help us one bit in try- 
ing to find a satisfactory explanation for the formation of 
an3'thing so extensive, geographicall}^ as these particular ^ 
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inch layers of slate in the pure coal. The Mississippi river is 
said to deposit an amount of detritus in one year found to be 
approximately equal to one of these ihin binders, but then we 
are told most of this river material goes toward the augmen- 
tation or extension of the river's delta. But our coal shale- 
binders, as already pointed out, contain no signs of a typical 
delta formation. Flocculated particles are common to fine 
river deposits. In these shales flocculation is not observed. 

Again, it is only reasonable to suppose that either of these 
shale-layers, whenever and however formed, was accumulated 
at one time, whether it took one year or ten years to do it; 
the process was uninterrupted, it operated uniformly both lat- 
erally and vertically. 

The "Pittsburg bed" contains several other binders or 
^'dividing slates" besides the twins under consideration, but 
these are all of less persistent character and variable dimen- 
sions; they, however (so far as my examination has gone), are 
all practically identical in composition and texture.* though 
the degree of mottling may change locally; thus everything 
points to a common origin and source of the materials of all 
the binders by which this Hplendid and unique coal-bed is 
horizontally and stratigraphically divided, also a very similar 
mode of deposition or formation for one and all, whatever it 
was. Although apparentl}', perhaps, a not ditHcult coal-bed 
to explain geologically, a more close study of its stratiform 
composition extending over wide areas brings it, to my mind,, 
well within the category of geological problems by no means- 
as yet satisfactorily solved. 

The thickening of the **Pitt8burg bed" is in a southeasterly 
direction, so also is that of the '^bearing in" and other slates* 
Thus the evidence goes to favor the assumption that both the 
organic material (the coal) as well as the inorganic (the 
**8lateH") had their source or chiefly depended upon or were 
largely governed by the land surface towards where the At- 
lantic ocean is now. 

Whenecer the geologic history <»f ^^/* vast coal seam shall be 
something like correctly made out or described, there will be 

♦KxiM'pi ih»' b«'il of impiin' Hn'-flay or *'(lrHW-sliit<'" of tin* minrrs. 
which lies inun('iliat«'iy on lop of ihrlJ-.") f«M't b<'iich of« coal alri'Mily rv- 
ffrn.'il to. 
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little or no difficulty in accounting for most of the things that 
now puzzle us in connect^ion with other seams; but. I am 
rather afraid, unless a ktrger number of competent observers 
take up the working out of the geology of the "Pittsburg 
bed" than seem to be now so engaged, the seam itself will be 
about all "worked out" ere the problems which confront us 
are settled. 

Anent this coal seam question it should not be forgotten 
that, as yet, the form Stigmaria (in any of its various phases) 
has not yet been reported in connection with it.* This cir- 
cumstance alone casts reasonable doubt as to its growth in 
situ^ origin, or formation, as usually understood. Moreover, I 
find its floor or under bed (that of the 22-27 inch bench of 
coal forming the basal member or division of the seam) to be 
a calcareous shale, wherever I have examined it, carrying ver^* 
numerous remains of an aquatic fauna. 

The extraordinary uniformity of the Pittsburg bed as to 
purity and structure of coal, evenness and geographical ex- 
tent of its various strata, its widespread interstratified shales 
and the marvelous persistency of them, and other characteris- 
tics, make this seam, in its entirety, the most remarkable, most 
typical, most interesting one of which we possess any knowl- 
edge; it is probably the most extensive instance of horizon- 
tality or parallelism in stratification any geologist in an}' 
country ever did or ever can point to. It is certainly phenom- 
enal ; and yet I maintain that a rational explanation of any of 
its individual layers, from and including underbedto topmost 
member, has yet to be found. About all that can with safety 
be said about it is that, everything being horizontally strati- 
fied, every part of it was most likely accumulated under 
water. I have therefore come to the conclusion that this coal 
bed is the accumulated remains on the bottom of a lake or 
■sea of vegetable growth of aquatic forms\ (though much of it 
did not necessarily grow in the water) living afloat and dying 
and decaying, falling through the water. J I do not recollect 

♦The only frniLrnnenl at all resembling Stiymaria I have seen or heard 
of from the Pittsburg h(»rizon was one found by myself near Klizabeth. 
Pa., on a bit of a shale binder in 18J)2. 

f Vegetation of such character as thrived in luxuriant profusion upon 
the surface of the water. 

|See Quart. .Tourn. (ieol. Soc. of London f(»r August, 1894. 
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having observed anything in this coal bed or in the strata im- 
mediately below and above it that could be regarded as evi- 
dence against the idea just stated. The absence of StigmaricB^ 
of erect tree stumps with root processes attached, and of ir- 
regularities of stratification ; and the presence of numerous 
remains of a rich aquatic fauna in places and at more than 
one horizon in the seam;* with, here and there, areas of lime- 
stone where the "draw-slate" occurs (in which "slate" I h^ve 
seen a traveled boulder of hard yellow limestone) — all these 
facts can only be explained by an aqueous origin for this 
coal. 



SPRINGS: THE INFLUENCE OF STRATIGRAPHY 
ON THEIR EMERGENCE, AS ILLUSTRATED IN 

THE OZARK UPLIFT. 

By T. C. Hopkins, University of Chicajfo, 111. 
(Plate XI.) 

There is probably nowhere in the United States a better op- 
portunity for observing the influence of stratigraphy on the 
emergence of springs than in the Paleozoic area of northern 
Arkansas and southwestern Missouri, an area known as the 
Ozark uplift. 

In most mountainous areas the strata are generally much 
flexed and faulted, so that the emergence of springs is gov- 
erned largely by the position of the strata and is not so di- 
rectly dependent upon the lithologic character of the different 
layers as is the case when the strata are horizontal or nearly 
so, with only few faults. Over a large part of the Ozark up- 
lift the strata are very nearly horizontal and are deeply 
eroded by White river and its numerous ramifying tributa- 
ries, thus exposing a great vertical thickness of the different 
la^'ers, so that we have a nearly ideal condition for observing 
the direct influence of the different beds on the emergence of 
the springs. It is true that the Grand Canyon area of the 

r 

west has deeper erosion, but the lack of rain makes it spring- 
less. 
The strata in the Arkansas-Missouri area consist of differ- 

*Scf Pa. (m'oI. Snrv. Finn] KeiM>rl, vol. ill (to bt* published, 181M). 
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ent beds of sandstone, limestone, shale and chert, a general 
section of which is given in the following table: 

General Mtrtion of the Paleonoit Mrata in n*yrihfrm ArtmM^a*. 

Fect- 

1. Mtllstooe srrit, coarse sandstooe -••*-* 

2. Black shale and shelly limestoDe 50 U> :23»> 

3. Archimedes limestooe. partly crystailiD^^ -lO to *> 

4. Shal V saodstooe S> t«j Sli> 

5. Black ar^HIaceous shale 100 t«> :250 

^. Yellow fr*rrus:inous sandst»>ne; -j*) i»> 1 1*> 

7. Black arvriHo-calcareoiis shale ^> to ^J•> 

S. Chert and limei^toae 3TD 

1>. Sandstoa*'. coars**. n^unded ^rrains ♦> 

!♦>. Black arsrillaceoiLS shale - to ^^ 

II. Cryst.tlliue limeston*- l'» to K>5 

I'i. Compact blue Umest«»n»* ^25*^ 

13. >iicch.tn»id;il. white, friable sandst«>n»^ -> ti> 15*> 

14. M;i;^uesiau limestones, chert, and sand-sttme .... l-*5l)l> 
Not all of the above are expotjed on anj one liiope. Proba- 
bly in no ease is the itumediate slope more than ±,0*30 feet 
ab<.>vt? the stream, the average hillsides being 5<» to l.«)l» feet. 
Yet over the entire area each formation i* exposed in manj 
places, generally four or dve «.»r more on each slope. 

Not all of the above beds extend over the whole area. 
Numbers 1. t>. S. l^^ and 14 are persistent, occurring at all 
p<.>ints in the urea where the proper horizon is exposed. Num- 
bers y and 10 are very irreijular. rarely both being present at 
the Siiiue time, and trevjuently both beinff absent, or if present 
only an ineh ^r tw«» u\ thickness. Numbers 11 and li are 
persistent beds over the eastern half of the area, but are 
wholly absent from the western half. s«> that at many places in 
the westerfi part »»f the area No. s rests directly on No. 10, 
where it is present, and on >i«». V-\ in the absence of N"o. 10. 
The sii^niiieance ot* this will :4ppear in what follows. 

Springs are abundant all over the area, -iome noted for me- 
dicinal properties and all remarkable for the ciearness. puritrv 
aiiil vt»lunie of the water One, the Mammoth spring, forms £& 
rJNer in it^^elf ; ant.1 from many others iow ianjre-sized creeks. 

While -iprin^N occur in alnn^st all of tile above formations, 
by far the i^reaier tiumber, p\»ssibiy more than half, the 
springs of tile w iiv>lc area emerv;;e ou >i.». \\) .ip No. 13 of the 
aocouipanv ing M.vtion. The cause for tile emer^nce on !No. 
10 is very plain, as it is a compact argillaceous shale: but it 
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is not 80 clear why No. 18 should have so great an influence, 
as it is a very friable white sandstone, composed of almost 
pure silica. It is so friable in places that it can easily be 
rubbed, in the hands, into a loose mass of white sand resem- 
bling granulated sugar. The state geologist has suggested 
capillarity as an explanation of its impermeability. I think, 
hdwever, that two other factors play a very important part: 
first, the indurated surface, since in nearly all places a thin 
hard crust has formed over the surface, by the deposition of 
silica, iron and possibly lime; second, the shale may be more 
abundant than would appear from surface exposures. Thus 
where the outcrops on the hillsides would indicate only traces, 
or the absence, of the shale, it may underlie a larger part, pos- 
sibly the greater part, of the hill ; its absence on the surface 
being due to local thinning of the bed, a characteristic of this 
formation, or to the weathering away of the shale near the 
surface, permitting the overlying limestone and chert to settle 
down on the underlying sandstone. This last factor is appli- 
cable only to the western part of the urea, where the lime- 
stones, Nos. 11 and 12, are absent. 

In the eastern half of the area the shale is more variable 
in thickness than in the western half. Where it has a thick- 
ness of two or three feet or more, it is a prominent horizon for 
springs. Where it is absent or very^ thin, the springs are ab- 
sent and the top of the sandstone No. 13 is the prominent 
spring horizon. 

The explanation for the excess of springs emerging on Nos. 
10 and 13, over the number emerging on the almost equally 
impervious shales of Nos. 2 and 7, is found in the character 
and distribution of the chert and limestone bed No. 8. In this 
bed the chert predominates in most places; and in all places 
it predominates on the surface, owing to its greater durability. 
It is very much jointed, and the weathering opens these 
joints, strewing the surface with a mass of loose angular frag- 
ments. The rain and snow water sink so quickly into this 
mass of broken stone that very little runs oft' as surface 
water. This chert covers a much larger surface area than any 
of the other beds, probably due in part to old baseleveling, 
and in part to its greater durability. It covers a large area 
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with a great porous mantle, which readily admits the surface 
waters that trickle down through it until they meet the less 
pervious bed of shale, No. 10, or the sandstone, No. 13. 

The accompanying plate XI represents a typical area in the 
western half of the district. It is a map of Eureka Springs and 
vicinity, drawn to scale from a survey of the area. It shows 
nearly all the constant springs, but omits many smaller ones 
that flow only during a part of the year. The shaded area on 
the map represents the cherty limestone of No. 8, which forms 
the tops of all the hills ; the broken line is the outcrop of a 
bed of crystalline limestone ("St. Joe marble") forming the 
base of the chert bed. The black shale No. 10 is present here 
in places as a bed varying from two to five feet in thickness 
and many of the springs emerge on it. Where it is absent 
or thin the springs emerge on the sandstone No. 13, which 
immediately underlies No. 10. The unshaded part, marked 
as Silurian, includes the sandstone No. 13 and several beds of 
No. 14. 

As may be seen, of the thirty-eight springs on this area of 
live square miles, twenty-six emerge at the base of the chert 
bed, and only twelve find their way through the shale and 
sandstone into the underlying magnesian limestones. Even 
this proportion is much greater in many other parts of the 
area, owing to the thinness of the sandstone bed in this re- 
gion. Where the sandstone No. 13 is thick, practically no 
springs emerge beneath it. 

It is noteworthy that this horizon of springs should repre- 
sent the interval between the Silurian and Carboniferous 
rocks over a large part of the area. Nos. 11 and 12 are of Si- 
lurian age, but they occur only in the eastern part of the area. 
The fact that this interval is a marked horizon of springs, is 
probably a coincidence rather than a result of the long time 
interval, as apparently the only effect it might account for 
would be the induration of the sandstone of No. 18. There is 
no unconformity, either of dip or erosion. 

The remarkable features of the region are the great number 
of beautiful springs and the large proportion of them that 
emerge at definite horizons. 
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THE AGE OF THE CRYSTALLINE LIMESTONES 
OF WARREN COUNTY, NEW JERSEY. 

By Lewis G. Westgate, Evanston. III. 

The petrographic characters of certain crystalline lime- 
stones of Warren county, New Jersey, have already been de- 
scribed in the American Geologist for last month. It is the 
purpose of the present paper to consider the evidence of their 
geological age. These rocks occur in a belt along the eastern 
border and at the northern end of Jenny Jump mountain. 
Their more exact location is given in the accompanying map, 
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Fig. 1. Map of the northern part of Jenny Jump mountain. New Jersey. 

which is based upon field work done while the writer was iiv 
the employ of the U. S. Geological Survey. Localities A to £ 
are exposures which, from their alignment and general paral- 
lelism of strike, apparently represent a single band of lime- 



370 The American Geologist, Decwnber, 18M 

stone. Localities F and G are small isolated outcrops of crys- 
talline limestone situated in the midst of the granitoid 
gneisses, which make up the bulk of the mountain. The 
largest area of crystalline limestone occurs east of the north 
end of the mountain, occupying an area two miles in length 
from north to south, and one-half to three-quarters of a mile 
in width. The sj^irfacc within this area consists of a succes- 
sion of low ridges and valleys with no definite order, forming 
foot-hills lying between the high crystalline mountain mass 
on the southwest and the alluvium of Pequest meadows on the 
east. 

Petrographicul characters of the crystalline limestone and 
associated erupt ire rocks. The crystalline limestones of War- 
ren county are more or less coarsely crystalline, varying be- 
tween white and red in color, and containing large amounts 
of accessory raetamorphic minerals scattered everywhere 
through them — mainly pyroxene, hornblende, quartz, and 
magnetite. 

The limestones at the north end of the mountain are cut 
with great frequency by eruptive rocks. These are of three 
kinds, diabase, pegmatite, and diorite. Dark, fine-grained 
diabase, in vertical dikes up to fifty feet in thickness, cuts 
the limestone at various points. A coarse pegmatite contain- 
ing considerable amounts of hornblende and magnetite occurs 
sometimes in irregular areas in the limestone, and is probably 
of eruptive origin. The most abundant eruptive rocks occur- 
ring in the area form a series of varying mineralogical com- 
position, but as a whole merit the name of diorit^s. They 
consist generall}' of green nionoclinic hornblende and plagio- 
clase, and are then true diorites. Monoclinic pyroxene oft^n 
occurs and the rock is then an augite-diorite. In some cases 
the pyroxene occurs in greater abundance than the hornblende, 
when the rock becomes a gabbro. While typical diorites are 
the most common, all gradations occur between the three va- 
rieties mentioned. The rocks, however, lack the typical dio- 
rite structure. All the principal minerals occur in rounded 
or polygonal grains. This structure is explained by the fact 
thcit the rocks occur in comparatively small masses, and may 
be supposed to have cooled rapidly, giving no opportunity for 
the different minerals to crystallize out separately in a defi- 
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nite order. These dioritic rocks occur in great abundance in 
the limestone. They are known to be eruptive, because at 
several localities, where their contact with the limestone can 
be seen, they branch irregularly out into the limestone. In 
one or two cases the diorite is distinctly banded not many 
feet from such eruptive contacts, and were it not that its con- 
tact with the limestone proves it to be eruptive, it might eas- 
ily be mistaken for gneiss. The banding is clearly a second- 
ary structure, and the result of the general metamorphism 
which the region has suffered. 

The relations of the crystalline limestones of Warren county 
to the crystalline limestones in other parts of Xew Jersey, 
Among the crystalline limestones of New Jersey no localities 
are so well known as those near Franklin, in Sussex county; 
and writers describing the crystalline limestones of the state 
have generally had these prominently in mind as typical, and 
representative of other localities. They have generally con- 
sidered all the separate outcrops of these beds in New Jersey 
to be of the same age with the Sussex county rocks. Cook,* 
in describing the crysUilline limestones of the state, considers 
together the localities in the southeastern and northwestern 
highlands and phices them all in the Azoic (ArchH?an). Na- 
son,f in describing the Sussex county white limestones, ex- 
tends the belt by isolated outcrops southward to Jenny Jump 
mountain and to Oxford Furnace, making all these outcrops 
of the same age and Cambrian. 

The evidence in favor of this correlation of isolated out- 
crops of crystalline limestone, is mainly lithological, for no 
fossils have been found in an}' of the crystalline limestones of 
New Jersey. The reasons for correlating the crystalline lime- 
stones of Jenny Jump mountain with those of Sussex county 
are as follows: (1) Their likeness in lithological character. 
The rocks in both regions are ver}'^ cr3'^stalline, generally 
white or grey limestones, and carry large amounts of acces- 
sory metamorphic minerals. (2) In both areas the limestones 
are cut by similar eruptive rocks— diabase, granite or pegma- 
tite and diorite. (Ji) In both regions the limestones are more 
or less closely associated with the granitoid gneisses, which 

♦(t«*<)Io^y of New .Iitsi'v, 18<W. 

fG»H)l. Survt'v of N. .1., Ann. Rt»pt. Stat*' Gt'ol. for 18SM), pp. 25-27. 
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are the most abundant rocks of the northwestern highlands, 
^nd in some eases the limestones appear to be interbedded 
with them. (4) The crystalline limestones at Oxford Furnace 
and Jenny Jump mountain in Warren county seem to be a 
southwestward extension of the Sussex county belt. An ex- 
amination of the geological map of New Jersey does not bring 
out this supposed relation with any marked distinctness. The 
Warren county rocks do not appear to be strictly a continua- 
tion of the northern belt, but to lie somewhat west of where 
the southern extension of the Sussex county rocks would 
naturally be expected. 

The crystalline limestones of the two areas have thus been 
classed together, because of their lithological similarity and 
their association with the gneisses, and not on good structural 
or paleontological grounds. Lithological resemblances among 
crystalline rocks are certainly insufficient proof of contempo- 
raneity. This is especially the case where the areas in ques- 
tion are at considerable distance from each other. In this 
<;a8e the nearest outcrops of the two areas are separated by a 
distence of sixteen miles. Where no contrary evidence occurs, 
however, lithological similarity has value as a suggestion; 
and when, as in the present instance, it is accompanied by 
association with a similar series of rocks — the granitoid 
gneisses — and the outcrops occur in a general way in line, it 
is very possible that the correlation between the two series of 
rocks which has been made in the past is correct. 

Vieirs concerning the age of the crystalline limestones of 
yew Jersey. Two different views have been held as to the 
age of the crystalline limestones of Sussex county and these 
views have been extended by their advocates to include the 
other crystalline limestones of the state. The view which has 
generally prevailed in the past, is that these limestones are of 
Archiean age, and are members of the series of crystalline 
rocks to which the gneissic rocks of the highlands belong and 
with which the limestones are closely associated. The crys- 
talline structure and the abundant presence of accessory met- 
amorphic minerals, which are characteristics of these lime- 
-stones, are considered due to the same general causes which 
have produced a crystalline structure in the gneisses with 
which they are associated. Among the geologists who have 



VrystalUne Limestonen of Warren Co,^X,J, — Westgafe, 373 

accepted the Archwan age of these limestones are Vanuxem 
and Keating,* Kitchell,f Cook, J Britton,g Dana,|| and H. S. 
Williams.^ These writers consider the crystalline limestones 
to be distinct from the blue Cambrian limestone of Kittatinnj 
valley. 

The other view is that these limestones are not true mem- 
bers of the crystalline series, as has generally been supposed, 
but are of Cambrian age. The supporters of this theory claim 
that the crystalline limestones belong to the same formation 
as the blue n^agnesian limestone (proved Cambrian by its fos- 
sils), which outcrops along the eastern 'border of the Kitta- 
tinny valley, and that tliey have been locally metamorphosed 
by intrusions of igneous rocks. This view was first proposed 
by H. I). Rogers in 1840.** It found no further support until 
Nasonf f adopted it, giving a large amount of detailed evidence 
in its favor. Kemp and HollickJJ accept the same theory for 
the age of the white crystalline limestones of Warwick, Or- 
ange county, N. Y. The reasons given in support of the iden- 
tity of the crystalline limestone with the blue magncsian lime- 
stone, and consequently of the Cambrian age of the former, 
are, as summarized by Nason,gg as follows: 

1. The wliile limestones are continuous witli the blue limestones (now 
accepted as of Cambrian ajfe) and every degrt»e of transition maybe 
found between them. 

2. lioth have the same dip and strike. 

:i. l^>th are conformable with a quartzite also containing Cambrian 
fossils. 

♦Jour. Phila. Acad. Nal. Sci.. vol ii, pp. 277-288. 

fSecond Ann. Kept. (Jeol. Survey of N. J. for 1855, pp. 111-248. 

Jlieology of New .Ii'rsey, 18G8, pp. 309-321. and in later annual rejxirts. 

SiAnn. Kept. State Geol. for 1885, pp. 30-5.5. Same for 188<J, pp. 74-112. 

|Am. Jour. Sci., Ill, vol. xlii. 18J)1, pp. 70-72. 

•"Am. Jour. Sci., Ill, vol. xlvii. 1894. pp. 401-402. 

♦♦Final Report i»f the Geology of N. J.. 1840. 

If In the Annual UeiKirt of the New Jersey Survey for 1890, pp. 25-50. 
Van Hise in lUilletin 8(5, I'. S. (iei)l. Survey, "Archean and Algonkian," 
pp. 31»9-404, and Nason in Am. Geologist, vol. vii, pp. 241-252, give a 
full bibliography of this subject' Other impers by Isason on this sub- 
ject have since ap|»eared in the American Geolo<*I8T and in the Bulle- 
tin of the (ieological Society of America. In the Am. Geolo<*iht for 
Sepleml>«'r. 181M, vol. xiv, pp. 1($1-1C9, is a summary of the facts brought 
forward by him to prove the Cambrian age of these crystalline lime- 
stones in Sus.H«*x countv. 

tJAnnals N. Y. Acad. Sci.. vol, vii, pp. 0.'{8-65i. 

^ti American Geolooiht, September, 1894, vol. xiv, p. 103. 
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4. Roth arc unconformable with the gneiss ujion which they rest. 

5. Both have in sum total the same chemical compositiou and ar»? 
magnesian. 

G. The altered crystalline condition of the white limestone is due to 
the intrusion of igneous masses and to regional metamorphism, while 
the blue limestone never contains such igneous injections. 

7. The presence of certain minerals, especially chondrodite, is not 
indicative of geological age. 

It is not the purpose t-o consider here the evidence of the 
age of the white or crystalline limestones of Sussex county, 
but merely to give the arguments advanced by the different 
sets of writers. It requires, however, evidence of a very posi- 
tive paleontological or stratigraphical character to overthrow 
the generally held opinion that these two very different lime- 
stones are of different age. 

l^ke age of crystalline limestones of Warren county. The 
largest area of crystalline limestones in New Jersey, next after 
that of Sussex county, embraces the Warren county outcrops 
along Jenny Jump mountain. The facts so far made out by 
a careful study of the latter, point to the conclusion that 
thepe limestones are distinct from the Cambrian blue magne- 
sian limestone which occurs in Kittatinny valley to the west, 
and that they are of pre-Cambrian age. 

delations of the crystalline limestones to the gneisses. The 
isolated outcrops, A to E (see the foregoing map), of crystal- 
line limestone along the eastern edge of the mountain, are 
undoubtedly remnants of what was once a continuous band, 
and have been separated by erosion, the alluvium of Pequest 
meadows covering the former connections between the present 
outcrops. The limestone in these outcrops sometimes shows 
a faint banding, but ver}'' often is quite massive; and when 
banding is apparently present it is often so obscure that 
measurements of it are of doubtful value. Where present, the 
banding of the limestone is in general parallel with that of 
the gneiss. Granitoid gneiss bounds the limestone on the 
west wherever outcrops are found on the west side of the 
limestone. At two points, A and I), banded granitoid gneiss 
is found on the east of the limestone, between it and Pe- 
(|uest meadows. Rock outcrops are wanting where the gneiss 
might be expected to be found, east of the other limestone 
outcrops of this belt. The banding of the limestone agrees 
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with that of the gneiss on either side. This, with the posi- 
tion of the limestone between gneiss out<;rops, seems to indi- 
cate that the limestone is interhedded with* the granitoid 
gneiss along the eastern side of the mountain. The intimate 
association of the limestone with the gneiss is at any rate ap- 
parent. 

At F and G outcrops of crystalline limestone also occur. 
At F (just east of the Stinson mine), a band of crystalline 
limestone occurs in the gneiss, dipping 50^ S. E., and with a 
strike of N. 40^ E. This band is about six feet in thickness 
and is parallel with the banding in the biotite gneiss with 
which it is associated, and acts in every way as a conformable - 
member of the gneissic series. This outcrop cannot be traced 
in either direction along the strike, and appears to be local. 
At G the relations of the limestone are the same. It is not 
impossible that these two small outcrops maybe of the nature 
of segregations rather than true beds. They are less coarsely 
crystalline than the other outcrops and contain a consider- 
able amount of basic impurities. 

The relations of the northern Jenny Jump limestones will 
be discussed later. Enough has been said to show that out- 
crops A to G are closely associated with the gneisses and ap- 
pear to be interbedded with them. 

The crystalline limestones and eruptive rocks. Besides this 
interrupted band of outcrops, there is, as already described, a 
large area of crystalline limestone at the northern end of the 
mountain. The limestone here is cut by numerous eruptive 
rocks. These are coarse granite or pegmatite, which occurs 
in large irregular masses; diabase in dikes up to fifty feet in 
width ; and diorite, which is by far the most abundant of the 
three. These eruptive rocks, however, can not be considered 
the agent of the metamorphism which has taken place in the 
limestone. The reasons for this statement are as follows: 

(1) If the eruptive rocks were the agents of metamorphism 
the limestone should be most crystalline at the contact with 
the eruptive, and should become less crystalline as the dis- 
tance from the eruptive rock increases, until at no very great 
distance an unaltered non-crystalline limestone should be 
found. This limestone should be the same as the blue mag- 
nesian limestone of Kittatinny valley, if, as some writers as- 
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sert, the crystalline limestones are simply the Cambrian met- 
amorphosed by intrusives. Such phenomena as those de- 
scribed are universally present where limestones (or other 
rocks such as schists or shales) have been locally metamor- 
phosed by intrusives. One of the best known examples of 
these relations is that at Cortlandt, N. Y., a short distance 
south of Peekskill. G. H. Williams* in describing the con- 
tact here between the eruptive diorites and the limestone, says : 

The metamorphic action extends but a small distance from the actual 
contact, but is always unmistakable in its nature. The limestone is in 
almi>st all cases bleached and is frequently rendered more coarsely crys- 
talline. There are new contact minerals developed in it, among* the 
most common of which are hornblende and pyro.xene. 

Similar conditions are said by Nasonf to occur at the con- 
tact of the limestones and eruptive rocks near Franklin, N. J. 
No such relations occur between the diorites and limestones 
in the Jenny Jump area. The limestones are not more crys- 
talline at the contact with the eruptives than at a distance 
from them. The limestone is uniformly crystalline through- 
out. The accessory minerals, pyroxene, biotite, graphite, etc., 
are not found more abundantly near the contact than else- 
where. The limestone shows no change in crystalline char- 
acter, or in the abundance and character of accessory minerals, 
as the contact with the intrusive is approached. 

(2) There are bands of limestone occupying very consider- 
able areas, and everywhere of perfectly crystalline character, 
which nowhere show the presence of eruptive rocks. The 
uniformly crystalline character of the limestone over consid- 
erable areas is evidence that the metamorphism is not due to 
local intrusives. It was produced by some cause acting uni- 
formly over wide areas and resulting in regional as distin- 
guished from local metamorphism. 

The same relations are shown in the outcrops of crystalline 
limestone A to G as in the larger area at the northern end of 
the mountain. Eruptive rocks are of uncommon occurrence 
in the limestone outcrops along the eastern side of the moun- 
tain. At only one locality (B) was an eruptive rock seen in 
the limestone. Here a small dike of gabbro six inches in 
thickness was seen cutting the limestone, apparently in the 

♦Am. .lour. Sci., Ill, vol. xxxvi, 1888, j). 207. 

f Ann. U»'i>t. (ieol. Surv»'y N. J., for 1890, p. 32, and elsewhere. 



Crystalline Limestones of Warren Co.,y,J. — Westgate, 877 

plane of the bedding. Yet these outcrops A to E contain 
some of the most coarsely and thoroughly crystalline lime- 
stone of the whole region and limestone carrying as large a 
proportion of accessory metamorphic minerals as any else- 
where. The metamorphism cannot be the result of eruptives 
as there are almost none in the limestone. 

The metamorphism of the Jenny Jump limestones is not 
local, but general ; not due to the agency of eruptive rocks, 
but to other causes acting over wider areas and producing 
farther reaching and more uniform effects. In this area the 
crystalline and the blue Cambrian limestones are not inti- 
mately associated. Yet the unchanged blue limestone occurs 
not far from the crystalline at the most northern outcrops of 
the latter. The metamorphism has affected the crystalline 
limestone but not the blue. The reason is clear. The blue 
magnesian limestone had not been deposited at the time of 
the metamorphism of the present crystalline limestone, else 
it too would have been involved in the same changes as have 
atfected the crystalline limestones; changes very probably 
produced by the same agents that were at work in the crys- 
tallization of the associated gneisses. The crystalline lime- 
stone is older than the blue Cambrian limestone and is of pre- 
Cambrian or Arch«ean age. It is difficult to conceive that the 
forces resulting in metamorphism could act over considerable 
areas and then suddenly stop short. If the two apparently 
different limestones are of the same age, the blue limestone 
associated with the crystalline should also have been meta- 
morphosed. A greater agent than local metamorphism by 
eruptives is required, to explain the crystalline character 
of the Jenny Jump limestones. Regional metamorphism, 
which is the only adequate explanation of this character, 
must have occurred at a time previous to the deposition of 
the blue or Cambrian limestone. 

The Ji eld relations of the crystalline limestones and the blue 
magnesian or Cambrian limestone. More or less has been 
written concerning the field relations of these limestones 
while discussing previous points of this paper. In the Jenny 
Jump region they are nowhere in close and intimate associa- 
tion. The two are said to be in intimate association, about 
Franklin, in Sussex county, and that is taken as one of the 



878 The American Geologist, December, 18M 

evidences of their contemporaneity. The belt of limestone 
outcrops along the middle of the mountain (A-E) is nowhere 
in contact with the blue limestone; on the contrary, wherever 
the rocks adjacent to the limestone on either side appear they 
are granitoid gneisses. 

At the northern end of the mountain the crystalline lime- 
stones occupy a distinct area, and no outcrops of blue lime- 
stone are known within that area. North of the northern end 
of this area, however, blue limestone occurs at H (see map), 
not over two hundred feet from the crystalline limestone. 
The blue limestone here is the typical fine-grained blue lime- 
stone which outcrops further west in Kittatinny valley. The 
crystalline limestone is in part characteristic for that rock, 
and in part a local variety (pyroxene-rock or quartz-rock) 
frequently found associated with the limestone. There are 
no eruptive rocks cutting the crystalline limestone here. The 
two outcrops are perfectly characteristic of their respective 
varieties, and there is no tendency in either toward gradation 
into the other. It seems hardly possible that the passage 
should not show in this locality, if there is a gradation be- 
tween the two rocks, for they are separated by less than two 
hundred feet. The crystalline limestones of Jenny Jump 
mountain are in all cases sharply distinct from the blue 
Cambrian limestones: and at the locality where the two occur 
nearest together, there is no gradation in lithological charac- 
ter between them. 

Conclusion. In conclusion, the crystalline limestones of 
Warren county are believed to be distinct from and older than 
the blue magnesian limestone of C'ambrian age which occurs 
along the northwestern side of the New Jersey highlands. 
They are believed to be distinct for the following reasons: 
first, they have a well developed crj^stalline character, and 
the}' hold large quantities of accessory metamorphic minerals : 
second, they show no intimate association in areal distribu- 
tion with the blue Cambrian limestone; third, they show no 
tendenc}' to grade into blue limestone. They are believed to 
be older, because, first, they have been subjected to general 
metamorphic forces resulting in great changes, of which the 
neighboring blue limestones show no trace; second, they oe- 
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cur in intimate association with the granitoid gneisses and in 
some cases appear to be interbedded with them. 

Whether the other crystalline limestones of New Jersey are 
of the same age as those of Warren county, has not been 
proved. The answer has generally been that they are. This 
seems to be the most probable view. If they ure, and if the 
position taken in the present paper is valid, then the crystal- 
line limestones of Sussex county, and of other places in New 
Jersey, would also be, as they have generally been supposed 
to be, of pre-Cambrian or Archaean age. 
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ON A NEW PLACODERM, BRONTJCHTHYS CLARKI, 
FROM THE CLEVELAND SHALE. 

By E. VV. Claypole, Akron, Ohio. 
(Plate* XII.) 

To the three great placoderms of the Upper Devonian of 
Ohio, Dinichthys, Titanichthys, and Gorgonichthys, must now 
be added a fourth genus not less remarkable than the rest and 
only less striking because it is not the first. In the Cleveland 
shale of Cuyahoga county Dr. Clark has recently found a jaw, 
which, while bearing a strong general resemblance to Titan- 
ichthys. yet differs so much that it cannot be placed in that 
genus. Two views of the fossil given herewith will illustrate 
its characters. 

Only a single ramus, the left, was found, and most careful 
and continuous search failed to discover its mate. It is slightly 
imperfect on the hinder end but almost complete in front. It 
must originally have measured at least twenty-five inches from 
end to end. Its greatest depth toward the spatular end is five 
inches. In this part it shows no distinction from the jaw of 
Titanichthys. But in front its construction is much more 
massive. It bends outward about five inches from the tip, 
and at the bend begins a deep alveolus resembling that in the 
jaw of Titanichthys but growing deeper toward the end. This 
alveolus is now an inch and a half deep, and when its walls 
were entire it must have been somewhat deeper. The inner 
wall is rather higher and thicker than the other. It is appa- 
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Below the Trenton ruriuation in southern Missouri the 
Ozark eerie? therefore presents a great thickness of mugne- 
sian limestone with occasional beds of sandstone. In the well 
at the Insane Asyhini at St. Louis the borings woulil indicate 
2,000 feet of this series. Prof. Swallow applied to them the 
term "Magnesian Limestone series," but the objection to the 
term is that there are mugnesiun limestones of other ages. As 
the series is well developed in the Oznrks, and the Ozark area 
is so great, it seems that of all names there is none more ap- 
propriate than "Uzark Series." As sueh I have named and 
described it in an article published in the Amekican' Gkoi.o- 
HisT for July. 1891. 

In southeastern Missouri the continuity of the Oxark series 
is not preserved in the same manner as represented elsewhere, 
but is thus: 
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These rest on the Archtean porphyries and granite. The 

thiekcsl di v< lopmept of the terranes between the Ozark series 

2 of the Lower Carboniferous Dr. Shumard has es- 

• OTer 1,800 feet in Cape Girardeau county. He 
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recognized over 600 feet of Upper Silurian in that county. 
Northwardly it becomes thinner, not being observed at all in 
St. Louis, St. Charles and Jefferson counties, but may be 100 
feet thick in Pike county. In Montgomery county about 20 
feet of gray limestone may be referred to the Upper Silurian, 
and this is restricted to a small area in Montgomery and Cal- 
laway counties. Certain terranes being wanting in central 
and southwestern Missouri the Paleozoic rocks, in their areal 
distribution, would have much less average thickness than the 
section above gives. 

In southwest Missouri the group between the St. Louis and 
Chouteau cannot well be separated. To such Prof. H. S. 
Williams has appropriately given the name "Osage series." 

The Ozarks belong to Missouri and in part to Arkansas. 
The Boston mountains are of another system, extending west- 
wardly into the Indian territory. Farther south is the Wash- 
ita system, extending from Little Rock west to the western 
part of the Indian territory. The area of Missouri, according 
to the census of 1890, is 69,415 square miles. Most of south- 
ern Missouri is included in the Ozark plateau, an elevated 
tract which in Missouri contains about 36,000 square miles; 
and its total area is probably 50,000 square miles, including 
part of Arkansas. This plateau is limited on the east by the 
Mississippi ; on the north by the Missouri and Osage rivers ; and 
on the west by a line about 30 miles east of the western state 
line. The Arkansas river may be the southern limit. The 
eastern portion of north Missouri is elevated about 700 feet 
above the sea; passing westwardly it rises by gentle undula- 
tions to 1,100 and 1,200 feet in the northwest. The Ozark 
plateau near its eastern border is 700 to 800 feet above the 
sea, but within 30 miles it rises to 1,200 and 1,500 feet. The 
porphyry peaks of southeastern Missouri rise 1,200 to 1,800 
feet above the sea, while the unaltered sedimentary rocks sur- 
rounding them rest unconformably upon them at an elevation 
of 1,100 to 1,200 feet above the sea. Passing westwardly they 
rise to 1,500 feet in Webster county, 1,700 in Wright, 1,?50 in 
Green, 1,530 in Barry county, and nearly 2,000 feet in the 
Boston mountains of northwestern Arkfinsas. Along the* 
western state line the elevation is 850 to 1,100 feet, while be- 
yond in Kansas the country gradually rises to the plains and 



History of the Missouri Paleozoic, — Broadheud, 388 

to the Rocky mountains beyond. In southern Illinois the 
general surface is but little over 500 feet, reaching 700 and 
800 feet in the central portion. Borings at the Insane Asy- 
lum, St. Louis, would indicate that the Arch«?an lies about 
3,800 feet below the surface, or about 3,200 feet below the 
sea level. Not altogether reliable records of a Jackson county 
boring assert that granite was reached there about 2,600 feet 
below the surface, or 1,600 to 1,700 below the sea level. From 
observed outcrops in central and southwestern Missouri we 
would suppose that borings in Nodaway county might pene- 
trate through 4,000 feet of strata to reach the Archjean, find- 
ing it about 2,800 feet below the sea. That would nearly 
agree with the measured depth at St. L(»uis. The Archaean 
floor in southern Illinois probably occupies about the same po- 
sition below the sea that it does at St. Louis. At the close of 
Archiean time the state would be occupied by a deep sea, the 
Cambrian sea, through which in southeastern Missouri cer- 
tain granite and porphyry peaks protruded 600 to 1,000 feet 
above the waters; these are now seen in St. Francois, Madison, 
Iron, Reynolds and Wayne counties. Southeastern Missouri 
was probably dry land in the early Cambrian, but in the later 
C'ambrian or early Potsdam period the Ozarks were occupied 
by a shallow sea whose waves dashed furiously against the 
Archa»an ^lills, sufficient to erode enough material to form a 
sandstone. This sandstone is found upon a limited area in 
about four counties of southeast^^rn Missouri. It is generally 
of coarse texture and includes pebbles of the Archiean. Else- 
where the strata are covered with more recent deposits. Most 
of the Archjean area subsided to a depth of 2,000 to 8,000 
feet in order t^> receive the Lower Magnesian limestone and 
int<»rbedded sandstones of the Mississippi valley, extending 
from central Texas to lake Superior; only certain peaks in 
Llano and Burnet counties, Texas, and in six or seven coun- 
ties of southeastern Missouri were exposed. 

The life of this early Cambrian sea was limited in number 
of species. In Missouri it embraced a few Orthocerata, a 
Lituites, a small Orthis, a Pleurotomaria, a Maclurea, an Oph- 
ileta, two or three species of Straparollus, probably two spe- 
cies of Murchisonia, and three or four species of trilobites; 
while in the Potsdam of Wisconsin and Minnesota several 
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other species of trilobites have been found. Sea worms 
abounded where the waters were more shallow, and left their 
tracks in irregular winding holes in the off-shore sandstone. 
In the upper beds sea weeds abounded, as shown by the lime- 
stones now exposed. Certain beds of the Second Magnesian 
limestone are largely made up of the accumulated mass of 
sea weeds bundled and pressed together, their form only pre- 
served, filled with calcareous matter. 

There were occasionally elevations long enough continued 
for sands to accumulate off-shore to become in later time beds 
of sandstone, then a sinking and accumulation of sediment in 
the deeper seas, until finally 2,000 feet had been formed. 
Ages rolled on, the ocean beds rose, the granite and porphyry 
hills of southeastern Missouri, as well as those of Wisconsin 
and Minnesota, were eroded of their material during the vio- 
lent agitation of the waters near the close of the period of the 
Upper Cambrian. These sands were deposited around the 
sea's margin in remarkably clear water. The First sandstone, 
or the St. Peter's, was formed thicker along the Mississippi 
trough, or what was afterward the Mississippi trough, extend- 
ing from southeastern Missouri to St. Paul in Minnesota. East 
and west of that line the deposit is thinner, apparently en- 
tirely thinning out in Missouri at 100 miles west. 

After the laying down of this sandstone most of theOzark^ 
were raised above water. Much of the upper strata were 
eroded and redeposited to form the rocks of later ages. The 
evidence is that after the Upper Cambrian period most of the 
Ozarks v/ere elevated above the waters and have so remained. 
The Ozark series northward and eastward was depressed not 
less than 1,500 feet, and the Ozarks were separated from the 
Wisconsin highlands by a deep sea ; this was the Silurian sea, 
and in it were laid down the Trenton and Hudson River beds 
toward the north and east. But this condition prevailed only 
as far west as Callaway county. From this we infer that the 
Ozarks at that time extended over the western and nortli^ 
western part of Missouri. After the Lower Silurian was 
formed the western half of Missouri was dry land, but the 
country from Cape Girardeau to Kails county was so de- 
pressed as to receive from 100 to 200 feet of sediment to form 
the Upper Silurian. Eastwardly the bottom gradually settled 
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down suffioiently to receive 3,000 feet of sediment in the Ap- 
palachians and New York, but this thinned out as above 
stated to 200 feet in southeastern Missouri, becoming zero in 
Callaway county. Westwardly dry land continued. The 
subsidence continued so as to receive about 100 feet of Devo- 
nian limestone in northern Missouri, thinning out in Pettis 
county. The Devonian sea extended northwardly to Wiscon- 
sin and around the eastern slopes of the Ozarks and beyond 
the Appalachians. Upon the Ozarks, and extending far west, 
dry land' still prevailed. At the close of the Devonian on the 
east and south a clay deposit accumulated in certain shallow 
estuaries, which later by the absorption of certain hydrocar- 
bons became a black slate. The Devonian period in Kentucky 
and in a portion of Missouri, notably at the falls of Ohio and 
in Callaway county. Mo., was characterized by extensive coral 
reefs. The Upper Silurian and Devonian in the eastern 
states were also rich in coral forms. 

After the Devonian was laid down there seems to have been 
a marked dynamic change. At the close of the Devonian 
there was a subsidence of most of the Mississippi valley west 
of the Mississippi river, with the exception of Minnesota and 
part of Iowa, and the Archivan of southeastern Missouri and 
of Texas. The Ozarks subsided sufficiently for the early Car- 
boniferous seas to cover their margins. This was the begin- 
ning of the Subcarboniferous. On the east and north these 
beds rest upon the Devonian, but on the west they repose 
upon the Ozark series. The several groups of the Subcarbon- 
iferous, as the Paleozoic sea sank, continued to gradually ac- 
cumulate. First the Chouteau and its several formations, 
next the Burlington with its rich crinoidal fauna and inter- 
calated chert, then the Keokuk, and then the St. Louis,— each 
to be afterward in a great measure eroded. That there was a 
slight subsidence and then an elevation of the Ozarks after 
the Burlington had accumulated is shown by the occasional 
finding of patches of limestone of that terrane along the 
northern and western front and resting upon the Ozark series, 
indicating that the erosion of the early Subcarboniferous must 
have been great. Previous to this, the erosion of the later 
Ozark series must also have been great, but very probably it 
was largel}' aerial. Since the close of the Burlington the 
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Ozarks have remained above water. The accumulations of 
the St. Louis and Chester limestones were greater along the 
Mississippi, and thin out westwardly. The later Chester or 
Kaskaskia limestone was represented only by a sandstone in 
northern and southwestern Missouri. At this time there was 
a marked change in fauna and flora, as well as in continental 
area. The deep ocean floor, east, north and west of the 
Ozarks, which had been so long receiving deep sea deposits 
sufficiently to be part land, part water, rose with a surface 
nearly flat, over which were lakes and vast swamps, beginning 
to support a rare and luxuriant vegetable growth, the fore- 
runner of the coal period. The leaves and older trees fell and 
accumulated in the peaty swamps and in time were covered 
by the overflowing seas, leaving silt and sediment. Soils were 
formed ; forests grew and matured, and lycopods and ferns* 
left their debris to be again covered up. At one time the 
surface would sink so much that the overflowing sea covered 
the older beds with accumulations of limestone. In this way 
a number of ancient forest beds with their vegetable growth 
were buried. Each of the beds of decaying vegetation was 
converted to coal ; the same vegetation in the presence of the 
atmosphere would form humus. That there was probably a 
great deal of carbonic acid in the atmosphere during the coal 
period is believed; also that this was absorbed or withdrawn 
by the luxuriant plant growth. While these deposits were 
being formed, a large portion of the Mississippi valley was 
sinking. Still the Ozarks kept their everlasting hills above 
the waters, while Kentucky, Indiana, Illinois, Iowa, northern 
Missouri, Arkansas and Texas were nearly covered by coal 
HwampH, over which the sea would occasionally flow. 

During tlie formation of the coal in the Appalachian^ and 
tin* MiHsissippi valley, and while the country in general was 
bring Hubjected to alternate depression and elevation, the 
prrHcnt Rocky mountain region remained for the most part 
undor a deep Hea. The coal of the west is of more recent age. 
In that region, during the time of the Upper Carboniferous 
pi^riod. linieHtones were chiefly formed in the deep seas. We 

•|NoTK. Al |»n-si*nt we may have about 15 sjx^cies of livinp ft»rns in 
MiHMMiri. Ill HiMiry county over 40 siK?cies have been obtained from 
I lie nlmleH ovitlyin^' I lie coal beds, all pressed and beautifully preserved 
Ml iiahir«''H herbarium. J 
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have found an occasional plant, fragment, showing that there 
may have been a few Carboniferous islands supporting a lyco- 
podiaceous growth. But there is no coal of Carboniferous age 
west of the plains. Around the margin of the lower Coal 
Measures, where they rest upon rocks of older terranes, are 
found isolated coal deposits consisting, for the most part, of 
an impure cannel or bituminous coal. Their thickness may 
be a few feet or may be 20 or 50 feet, or even more; their in- 
clination to the horizon would indicate that they were formed 
when the adjacent strata were considerably disturbed, or that 
a disturbance occurred soon after the coal was laid down. 
These beds are now often found in side valleys tributary to 
larger valleys ; and the rocks higher in the hills as well as 
those on which the coal rests are of older age than the coal it- 
self. In fact they rarely extend farther than 200 feet into the 
adjoining hill. In northeastern Missouri they lie on and 
against the Lower Carboniferous; in Cole, Moniteau and 
Morgan counties they rest on beds of t^e Ozark series, and in 
no instance have I observed them occupying eroded valleys of 
Upper Carboniferous age. They must have been formed just 
at the dawn of the Upper Carboniferous when there was an 
unsettled condition existing, and when oscillations and tilting 
of strata prevented a continuous coal formation ; or in other 
words the first coals were laid down in small disconnected 
basins.* 

We have thus far traced the geological history of each ter- 
rane. We would now consider briefly the subsequent frac- 
ture, erosion and carrying awa}' of the material so as to pre- 
pare our field for man's habitation. 

At the close of the Paleozoic the Appalachian revolution 
took place; the coal and other interstratified beds from Penn- 
s\'lvania and southwestward to Alabama were crushed up, 
folded, and raised 4,000 or 5,000 feet; and the bituminous 
coal of eastern Pennsylvania was changed to anthracite. At 
the same time there was a slight quaquaversal upthrust of 
the Ozarks and of the later strata, as shown by occasional 

*l{t>th zinc and l«'}id ort'S have b«'«*n fouiid with the coal in these 
"Iiockets," evidently do|K)sited since the coal was laid down; and it may 
!)♦• that the lend and* zinc ores of central and south western Missouri were 
ail ile|M»sited since the laying down of the coal. 
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flight fractures and faultings. That was the last uplift of 
the Ozarks. Previously there were undoubtedly stream chan- 
nels in the Ozarks. After the close of the Paleozoic there 
Avere additional fractures, greater erosions and deeper chan- 
nelings by the streams. In southern Missouri the eroded val- 
leys are 300 to 450 feet deep, in northern Missouri they may 
have been 200 or 300 feet, but, excepting near the Missouri 
river, they are rarely to be seen over 150 feet deep, reaching 
200 at the extreme. The Missouri river shows a valley gen- 
•erally one to two miles wide, with an inner channel or trough 
•eroded before glacial times but during the Ice age filled up 
from 40 to 90 feet. 

Proportional to the size of the stream and character of the 
blulf are the size and depth of the stream's trough. The 
streams in southern Missouri are partly filled with a local 
drift. Away from the larger streams the country is hilly or 
rolling, dependent on the character of the rock structure. 
Where the country rock is limestone, the channels and hills 
are rugged. The Coal Measures being largely composed of 
sandstones and shales, with only thin limestone beds, the ero- 
sion there has been greater, but the slopes are more gentle. 
We often observe limestone-capped ridges; when the erosion 
is long continued they remain as mounds. To this is due the 
interesting and beautiful scenery of the prairies of western 
Missouri. Where the strata consist of beds of shales and 
sandstone capped by harder limestone, the last serves as a 
protecting cap to the softer underlying beds, retarding their 
entire erosion. A line of such mounds may be traced along 
the base of the upper Coal Measures from Bates county north- 
eastward through Cass, Johnson, Lafayette, and thence north- 
wardly. Along this line are seen ridges several miles long, 
and occasionally a single mound 80 or 100 feet above the lower 
plains with an area of i>robal)]y half an acre on the summit. 
Other mounds may be near, or distant two, five, or fifteen 
miles. The visible depressed or eroded area may be a pris- 
moid 100 feet deep by f\\G or ten miles in one direction and 
twenty miles or more in another. From the summit of one of 
these mounds we may gaze on a hundred farms occupied by 
an industrious and thrifty people. 
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EDITORIAL COMMENT. 



A NEW Meteorite. Minne8ota No. 1. 
Last April (9th), about four o'clock in the afternoon, a pe- 
culiar rumbling sound startled the people in the neighborhood 
of Fisher, in Polk county, in the Red river valley, in the 
northwestern part of Minnesota. In July, in making hay on 
a meadow in Sec. 28, Range 49, T. 150, a stone was found 
which had by falling entered the sod a few inches, the force 
of the impact having turned the turf back in all directions. 
There being no drift boulders on the surface in the region, 
this was at once connected with the rumbling noise. On ex- 
amination it proves to be a chondritic meteoric ^tone, quite 
similar to the well known Winnebago meteorite. Its weight 
is about 9^ pounds, and it is entirely covered with the usual 
black crust This being the first known meteorite fallen in 
the state it is proposed to name it Minnesota No. 7, with a 
view to continue the series by suitable numeration for all fu- 
ture Minnesota meteorites. A full description will be given 
in a later issue of the Geologist. n. h. w. 

Arctic and Antarctic Exploration. 

In a paper read before the Section of Geography in the 
British Association at the last August meeting,* Col. H. W. 
Fielden, who was the naturalist of the Nares Arctic Expedi- 
tion in 1875-'76, reviewed the reasons for hoping and expect- 
ing that Nansen and his party, after drifting in the ice-pack 
across the sea surrounding the north pole, will return to tell 
their experiences. Not only is Siberian drift-wood strown 
along the northwest coast of Greenland and the shores of 
Grinnell land, but also the currents have brought such drift- 
wood during a long time past, in which Grinnell land has been 
uplifted at least 1,000 feet. Up to that hight. Col. Fielden 
there found drift-wood embedded in recent alluvial or glacial 
clay and mud deposits, with marine shells of the species now 
living in the adjoining sea. The bivalve shells are often still 
held together by their hinges and retain their brown epider- 
mis; and the wood is combustible and so light as to float on 
water. All the wood appears to be of coniferous species, be- 

*Parllv printed in tht* Hiillctiti of lh<' Americnn (Jt'ojrrHphical Society, 
Kew York, vol. xxvi, pp. :Wl)..3l)a, S«*pt. 30, 18U4. 
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ing wholly different from the drift-wood cast on the Bhores of 
Spitzbergen, which is borne by the Gulf Stream into the 
North Atlantic and Arctic oceans. 

We may add, in this connection, that Gen. A. W. Greelj's 
Report of the U. S. Expedition to Lady Franklin bay, Grin- 
nell land, mentions (in vol. ii, p. 57) the occurrence there of 
recent fossil shells of Astarte lactea up to 1,000 feet, and of 
Saxicava arctica, as provisionally determined, up to 2,000 feet 
above the sea. At Polaris bay on the neighboring Greenland 
coast, recent marine shells are reported to occur at the hight 
of 1,600 feet. 

It may be also noted that one of the questions which we 
may hope V) have answered, if Nansen crosses the polar sea 
and reaches home, relates to the geographic position and ex- 
tent of the large nearly flat land from which come the great 
tabular icebergs, sometimes called floebergs and ''palaeocrystie 
icebergs," similar to the vast masses shed from the Antarctic 
ice-sheet, though smaller, ranging from 100 to 600 feet and 
rarely 800 or 900 feet in thickness, seen by Nares and others 
in the open polar sea north of Greenland and Grinnell land. 
These flat icebergs, born from the margin of an ice-sheet on 
flat and comparatively low land, unlike that of the Greenland 
ice-sheet and its valley glaciers, are thought by Greely to 
come from a large land area north of Bering strait and very 
near the pole, with its center between the 86th and 88th par- 
allels and the 155th and 175th meridians of west longitude. 
The thick tabular bergs are prevented from drifting to the 
Siberian coast by the shallowness of the sea there ; but they 
are carried by the currents to Banks land, Grinnell land, and 
into Robeson and Kennedy channels, where the Atlantic tides 
sweeping around the north end of Greenland turn south to 
Smith sound. 

Numerous glaciers by which the Greenland ice-sheet out- 
flows through the valleys of its mountain border into Melville 
bay and Inglefield gulf, between 75^ and 78^ north latitude, 
are described by Prof. Angelo Heilprin.* Among the illus- 
trations accompanying his paper, the most interesting are the 
"hanging glacier" of Herschers island, flowing down from the 

♦Popular Sci«'nc»' Moiilhly. vol. XLvi, pp. 1-14, with nine illustrations 
from pholi»};?paplis, Nov., 181M. 
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crest of a high mountainous coast, and a ^^domed glacier" in 
Inglefield gulf, having the form of a great roundly sloping al- 
luvial fan, with its border broken off in steep cliffs by the 
sea. Prof. Heilprin ventures the opinion that exploration and 
study of the Greenland glaciers will probably bring "no ex- 
planations that have not already been made familiar through 
the teachings of other countries.'' Glacialists, however, will 
be more hopeful, since our literature and resources for theo- 
ries have been so increased by Russell's studies, in 1890 and 
1891, of the Malaspina glacier or ice-sheet in Alaska. Much 
new light is expected, by investigators of the glacial drift and 
its problems, from the past summer's observations of the 
Greenland ice-sheet and glaciers by Chamberlin and Wright, 
supplementing the previous observations of Rink, Hoist, 
Steenstrup, Ni^rdenskiOld, Nansen, Peary, and others. 

Furthermore, it is to be earnestly desired that an expedi- 
tion on the Antartic ice-sheet shall be undertaken, and it 
seems possible that a great part or perhaps nearly all of the 
distance of 850 miles from the shore near the high volcanoes 
Terror and Erebus to the pole can be traversed, with a safe 
return, during the three months of the circumpolar midsum- 
mer available for such an expedition. It would be very in- 
structive to learn whether the maximum central altitude of 
the ice surface in Greenland, about 9,000 feet where it has 
been crossed by Nansen and Peary, is exceeded by the far more 
extensive Antarctic polar ice-cap. Nunataks, or the tops of 
hills and mountains projecting above the ice-sheet, are found 
in Greenland only near its borders ; but the Antarctic conti- 
nent, while having chiefly a low margin, may contain very 
high mountains, rising out of the ice as nunataks far toward 
the south pole. w. u. 
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Tlte Ijttramie and the orerlying fMngMton Fornuition in Montana. By 
W. H. Weed. With Report on Fhra, by F. H. Knowlton. (U. 8. Geol. 
Survey, HuUelin 105. <W pp.; G plates. 1S03. Price, 10 cents.) Thert» 
nre few wesU»rn formalious aruiiiid which there has been so much dis- 
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cussion as the Laramie, and there are few concerniniB: which there are 
still so many questions of interest undecided. As has long been known, 
the correct delimitation of this formation is a matter attended with 
some difticulty. It has been thought that the Laramie strata represent 
unbroken sedimentation from the Cretaceous into the Eocene. Cross. 
Eldridge, and Hills, have shown that there is in Colorado a series or 
post-Laramie beds of considerable e.xtent, which are separated from the 
true Laramie by marked unconformity. It has been found that many 
of the plant remains, supptised to represent the Laramie, in reality be- 
long to the Denver and correlated beds. The necessity of a careful re- 
vision of these forms has been insisted on. Similar beds and relations 
have been found in Canada. These facts impart a considerable interest 
to the results obtained by a study of the intervening Montana field. 

In brief, Mr. Weed finds near Livingston, Montana, overlying the 
coal-bearing Laramie strata and underlying the Fort Union beds, a vast 
series of sandstones, grits, clays, and agglomerates, aggregating some 
7,000 feet in thickness. This series is separated from the true Laramie 
by unconformity, and is characterized by a distinct flora. It consists of 
upper and lower beds, between which is intercalated, over a iwrtion of 
the field, a 2,000 foot bed of suba^rial, volcanic aggIomerate.s, comix^sed 
mainly of andesitic lavas. 

The evidence of unconformity consists of observations by Dr. A. C. 
Peale near Sphinx mountain, where the beds referred to the Livingston 
were seen to rest in angular unconformity upon the Dakota sandstone; 
certain irregularities in the thickness of the Laramie; and the presence 
in the Livingston of pebbles derived from all the earlier formations, 
whereas the Laramie contains Archean debris only. From these obser- 
vations it is inferred that when the Laramie beds were being, deposited 
Archean land only was exposed, but that before the Livingston epoch 
the land was elevated and during that epoch all the earlier beds were 
undergoing erosion. The debrjs. mixed in part with andesitic lavas 
from the neighboring volcanoes, was laid down in an inland lake. 

Mr. Knowlton has carefully revised all the plants from these beds; a 
work of considerable difficulty and necessity. In all he finds some 4-1 
species. Of these 5 are new, and 11 are not found elsewhere. Of the 
remainder 22 are Livingston forms, 2 Laramie prt^per, and 4 common U> 
both. Of the 22 species having distribution outside of this area, 17 are 
exclusively Denver forms or have their greatest development in that 
formation. 

The Fort Union beds are recognized as Eocene on both stratigrnphic 
and paleontologic data. H. p. b. 

Gfoloyy of (he Big Stone (hip Coal Field of Virginia and Kentucky. By 
Makii's U. CA.MPBKLL. (U.S. Geol. Survey. Bulletin 111. JOG pp.; 6 
plates, and 3 figures in the text. 1893. Price, 15 cents.) The area 
studiiMl and described in this reiK)rt is one which, although long famous 
in history and more rec»*ntly familiar to the tourist, has been almost 
unknown g«'(»l<»^ncally. The Carboniferous strata of Pennsylvania, Ohio, 
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and portions of West Virginia and Alabama, have been studied in con- 
siderable detail: but outside of these regions little detailed work has 
been done in theAppalachian coal basin. The Big Stone Gap coal field 
is one of great economic possibilities. There is present a very full sec- 
tion of the Carboniferous series, aggregating 7,000 feet in thickness. 
The author has recognisuKl seven different formations, to which local 
geographic names hax^e been given as follows, in their descending order: 

Harlan sandstone 880 feet. 

Wise formation 1,270 ** 

Oladevillu sandstone 100 ** 

Norton formation 1,280 

Lee conglomerate 1,200 to 1,600 

Pennington shale 900 to 1,100 



t . 



4t 
it 

Newman limestone 930 ** 

These are apparently differentiated on their lithologic character and 
order of supi'ri)osition. The llarlan^nd Glade vi lie 4UifM)stones and the 
Lee conglomerate serve as key rocks in the interpretation of the com- 
plex faulted structure*. Four productive horizons are recognized: (l)at 
the base of the Harlan sandstone; (2) directly above the Gladeville 
sandstone; (3) in the Imboden and Crab Orchard basins at a lower hori- 
zon extending from the Imboden to the Cannal seam; (4) in the Guest 
river basin the prtKluctivi' horizon extends from the Imboden seam to 
within 200 feet of the Norton formation. 

With the vast unstudied regions intervening between this and other 
fields of known stratigraphy, it is recognized that for the present the 
Big Stone Gap section must stand almost wholly alone and only general 
correlations are now possible. The I^e conglomerate can be pretty 
closely correlated with the Pottsville series; the Pennington shale and 
the Newman limestone represent the Mississippian series; while the 
Gladeville and Mahoning sandstones are probably equivalent, as may 
also be the Harlffn and the Wanesburg. Accepting these correlations 
the following interesting comparisons become possible: 

W. Va. Big Stone Gap. Cahaba. 

Permo-Carboniferous 1,162 880 480 

Intermediate measures 2,098 3,650 3,240 

Conglomerate 1,400 1,500 1,765 

The report is illustrated by a geologic and topographic map, and by a 
unique contour map of the upper surface of the Gladeville sandstone; 
the latter is designed as an especial aid in the location of the coal seams. 

In connection with this bulletin it is of interest to read a recent pa- 
jH»r* by the same author in which the history of the drainage system of 
the region is admirably elaborated. H. f. b. 

The Olari4ition of the YvUoitntone Valley north of the Park. By W. H. 
Weed. (l'. S. (Jeol. Survey. Bulletin 104. 41 i)p.: 4 plates. 1893. 
Price. .') cents.) Kn»m the extensive system of alpine glaciers covering 
the greater part of the Yellowstone National Park, a valley glacier is 
found to have reached 36 miles northwanl down the Yellowstone river 
•A:n. Jour. Sci., Ill, vol. XLViii. pp. 21-2Q, 1S94. 
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beyond the Park boundary. **Throughout the entire field the higher 
mountain peaks rose above the n6vu fields, though the high plateaux 
and broader mountain summits show considerable glacial abrasion and 
were unquestionably covered by moving ice." The evidences of the 
glaciation are, as usual, rounded and striated rock surfaces: the broad- 
ening of cafions: transportation of boulders, sometimes from lower to 
higher elevations; the formation of moraines, kames, and valley gravel 
dejKisits, remnants of the last being now conspicuous river terraces; and 
the cutting of caHons transverse to the mountain slo[jes and drainages 
in front of the glacier's termination. A very striking contrast is notice- 
able between the glaciated and unglaciated portions of the region. 

w. u. 

The Paleozoic Section in the vicinity of Three Forktf, MmUana, By A. C. 
Pealk. With Pttrrographic Note^, by G. P. Merrill. (U.S. Geol. Sur- 
vey, Bulletin 110. 56 pp.; plates, and two figures in the text. 18SKi. 
Price, 10 cents.) The section here described, between the East Gallatin 
and Missouri rivers, consists of Carboniferous, lX*vonian. and Cambrian 
strata, as determined by their fossils, aggregating nearly 10,000 feet in 
thickness, thrown into steep, northwestwardly dipping folds, and rest- 
ing on Archaean gneiss. Mr. Merrill describes rock specimens from the 
Archwan base of this section; from the next overlying Belt formation of 
micaceous sandstones and conglomerates, slates, and bands of silicious 
limestones, regarded as of Algonkian age; and from intrusive sheets in 
the Flathead shales, the lowest member of the fossiliferous Paleozoic 
series and the only one of its six formations which is traversed by eru|>- 
tive rocks. w. u. 

Annual Report of the Geological Surrey of ArkansoJt for 1891 {\SM). Vol. 
II, cloth, pp. X and S49. J. C. Branxer, State Geologist, Little Rock. 

This volume contains, with a colored geological map of Benton 
county, the following parts: The geology of Benton county, by F. W. 
Simonds and T. C. Hopkins: Elevations in the state of Arkansas, by J. 
C. Branner; Observations on erosion above Little Rock, J. 0. Branner; 
Magnetic observations, J. C. Branner: The Mollusca of Arkansas, F. A. 
Sampson; The Myriapoda of Arkansas, by C. H. I^llman; The fishes of 
Arkansas, by Seth E. Meek; The geology of Dallas county, by C. E. 
Siebenthal; Bibliography of the geology of Arkansas, by J. C. Branner. 
The geology of Dallas county is accompanied by a contoured sketch- 
map of the county, the contour interval being 50 feet. N. h. w. 

Ann ual Re^iort of the Geological Surrey of Arkansaitfor 1892 {1894). Vol. 
II, cloth, pp. xriafid 2f)7. .1. C. Branner, State Geologist, Little Rock. 
The Tertiary Geology of southern ArkanmM, by Gilbert D. Harris, with 
a colored geological map. In a iwculiarly difiicultand unfavorable re- 
gion Prof. Harris has su«!ceeded in making a valuable contribution to 
th(> g(*ology of Arkaii.sas and adjoining states, in which all students of 
Ww American (Vno/.oic will take interest. The Eocene series is made to 
consist of tlu* following parts, in descending order: Jackson stage, Clai- 
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borne stage, Lignitic stngo, and Midway stage. **all capiK»d by shore de- 
|)osits, some of which evidently date back to the age of the underlying 
beds, while others have been subsequently re-arranged. The orange 
sand of Hilgard, in part at least the Lafayette formation, as understooti 
by McGee/' Much of the re-arrangement mentioned "presumably took 
place before the close of the epoch represented by the underlying strati- 
fled beds." N. n. w. 

The United Staten; factn and figvre* iUutitratiny (he j)hy»iral geography of 
ilu country and it^ material remurces. Supplement 1. Population, immi- 
gration and irrigation. By .1. I). Whitney. (Boston: Tiittle, Brown & 
Company. 8vo, xxvii and 324 pp.. 1894.) This volume is considered a sup- 
plement to that which was issued about 18iK), which was a corrected and 
enlarged republication of Prof. Whitney's article originally written for 
the Encyclo|)edia Britannica. The present volume contains scientiflc 
and statistical information made available through the census of 1800, 
with concise statements of various .scientific and economical problems 
involved in the increase and distribution of the population, the influ- 
ence of irrigation and the possibility of changing the climate by the 
agency of man. It is 8|M»cially full on irrigation. The author gives 
general descriptions of the various irrigable areas and considers the 
adaptability of each to methods by reservoirs or by artesian wells. This 
implies a discussion of their geological character and of all their physi- 
cal featun»s. The author reviews various irrigation reports, and gives 
lists of all government rejwrts on irrigation. N. h. w. 

The Frftceedingn of (he Indiana Academy of Science firr 1893 (published 
Aug., 1804) contains two pajH'rs of interest to geologists: one a bibliog- 
raphy of the geology i>f Indiana by Prof. V. F. Marstkrs and E. M. 
Kindle, Instructor at the Indiana University; and the other a pajier 
by Prof. R. Ellsworth Call, upon the indurated Tertiary rocks of 
northeastern Arkansas. The bibliography will be found useful to geol- 
ogists outside of the state as well as inside of it, for besides the usual 
authors* list it contains topical heads, such as coal, gas, oil. Quaternary, 
etc. In some cases the arrangement of titles is a little confusing, as 
where **I)ubois county" is followed by a.subdivisionof the bibliography 
under the head of **Economic geology," and where '*Slone" is followed 
by '*Elkhart.** This, however, is probably only a typographic error. 
The authorsof this valuable pajier will find a few additional titles in the 
annual re|)orts of the Indiana State Ik>ard of Agriculture (e. g. 1853, pp. 
200-332), and in Owen's "Reconnoissance" made in 1837. and publishinl 
In 1850. 

The subject of esiK*cial interest in Prof. C'all's ]m{>er is that of sub- 
a(.^rial or surface metamorphism. The sandstones of Crtjwley's ridge 
in Arkansas are, for the most part, very .soft and friable, but they were 
found by Call to have been changed locally into the hardest kind of 
<|uartzites. In hand sfH'cimens. and even in the fleld, these rocks re- 
.sembh' Paleozoic <|uartzites so closely that such an e.xcellenl obst^rver 
as Dr. Owen mentions them in his "first survev" of Arkansas as Paleo- 
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zoic. The work done by Prof. Call shows that these sandstones are 
Tertiary, and that the quartzitcs are local variations of them. By what 
process this change has come about the author does not attempt to ex- 
plain. A microscopical examination of the rock might throw some 
light on the subject. 

Established in I880, the Indiana Academy of Science has grown at a 
remarkable rate. At the head of its list of members stands the name of 
the astronomer Daniel Kirk wood, and this is followed b^' those of 
Jordan, Mendenhall, Gray, Campbell, Coulter, Gilbert, Evermann, and a 
host of others equally well known. It is hoped that with this third vol- 
ume of its Proceedings the Academy has passed its **second summer/* 
and that it will be able to maintain and improve a publication which 
reflects so much credit upon the whole state of Indiana. J. c. b. 

Some, Typical Ekhersof-sonthem New' England. By J. B. Woodworth. 
(Proceedings of the Boston Society of Natural History, vol. xxvi, pp. 
197-220, with five figures in the text; April, 1894.) This pai»er describes 
the physical features and discusses the origin of eskers examined by the 
author during his work of mapping the Pleistocene deposits of portions 
of Massachusetts, Rhode Island, and Connecticut, for the U. S. Geolog- 
ical Survey. The term eskers is employed to designate the elongated 
ridges of gravel and sand, often serpentine in their courses, which wer»» 
deix)sited in channels of drainage upon, in, or beneath the waning ice- 
sheet: while the term kame^y in accordance with the suggestions of 
Chamberlin and McGee, is restricted to mounds and disconnected short 
ridges of similar gravel and sand, probably marking the mouths of small 
glacial streams and usually associated with moraines or with plains of 
stratified drift. The eskers are mainly referred by Mr. Wood worth t4> 
a subglacial origin, although he believes that in some instances {wrtions 
of their courses indicate deposition in a channel open to the sky, where 
the ice roof had been melted through. Bibliographic references are 
quite fully noted, with quotations of the views of previous writers on 
this subject, some of whom, as X. H. Winchell, Upham, and Hoist, 
think eskers more commonly to have been superglacial, being deposi- 
ted in ice cafions and deriving their material from englacial and finally 
sufKirglacial drift. Highly significant recent studies by Barton of chan- 
nels on drumlins in Massachusetts (Am. Geologist, March, 1894, p. 224, 
and Am. Jour. Sci., Oct. 1804, p. 349) seem to prove that many esker- 
forming streams were su|>erglaciHl or englacial and could not have been 
subglacial. w. r. 

On the Diittributioti of KarthqvnkeM in the United States since tJie close qf 
the Glacial period. By N. S. Shalkk. (Pn)ceedings, lioston Soc. Nat. 
Hist., vol. XXVI, j)p. 24(i-2.")0: read .Ian. 17, 1894.) B<iulders lying in un- 
stable iK)sitions on the rocky shores of Maine and northea.stern Massa- 
chusetts, occusioiml piiinucles of rock spared by en)sion and liable to b«' 
easily thrown down, and the sleep hillocks and ridges of loose glacial 
gravel and sand called kames. all occurring in the New England Htat**s 
near the sea level and within reach of the great wave which would be 
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produced by a ixiwrrful submariiu' earthquake, show that no such wavi* 
has swept upon that coast since the Glacial (K'riod. On Lon^ Island and 
south to Florida the extensive beach ridjres of sand, separated fn»m the 
main shore by lon^ and shallow bays and sounds, art* also shown by 
Prof. Shaler to indicate similar lonj? immunity from earthquake s<ta- 
waves. Likewise through larjfe n^^ions in the interior of the United 
States, the occurrence of delicatt»ly poised boulders, and, south of the 
drift area, the unstable rock-clitfs and columnar or tower-like rem- 
nantsof eroiled strata, and insecurely |>endent stalactites in caverns, tes- 
tify of lonff<pilelude, unbrt)ken by earthquake shocks, at least during the 
**ten thousand years or mon»" since the Ice age. w. r. 

The (ieitgrnphicnl Derelopment of Allurial Hirer JWrare^i. By U. K. 
I>OD4}K. (Proc. lioston Soc. Nat. Hist., vol. xxvi, pp. 257-27:<: June, 1804.) 
The processes of fluvial dejxisition and subsequent erosion, leaving rem- 
nants of old f1(M>d-plains as terraces on the sides of the river valleys, are 
hen? r«*viewed, with consideration of the geographical cycle and devel- 
opment <»f a normal river, and a classification of alluvial terraces ac- 
cording to the variable conditions of their origin. In glaciated regions 
the abundant stream terraces of stratified gravel, sand and clay have 
been sculptured, and in large part redeposited again and again, from the 
original tltMxl-plains supi>lied by the drainage of the ice-sheei during its 
departun» at the close of the (tlacial |X'riod. The Connecticut river val- 
ley, rendered classic by the early work of K. and C H. Hitchcock for 
the geological surveys of MassachuM'tts and Vermont, and later more 
lully described in its northern part for the survey of New Ham[)shire, 
has along most of its course two. three, four, or more of theS4» terraces 
on one or both sides of th«' river. Usually drift-bearing countries have 
undergone some ditTerential elevation since the weight of the ice was re- 
moved, and each terrace is thought by the author to show a temporary 
level of the stream during a tim<' of rest or slackening of the uplift, 
whih' the escarpments or steep fronts of the terraces are regarded a.H 
evidence of intermittent stagi's when the upward movement was more 
rapid, causing the streams to cut down Jh«'ir channels. w. r. 

7'A*' IWf/iitt'iiii Chanutl of the (ieinHee rircr. By A. W. (iKABAT. (Pro- 
cee<lings, Host(»n Soc. Nat. Hist., vol. xxvi. pp. IlTiD-'JOJ), with map; 
n*ad May M\, 181M.) The (ienrsee river above Portageville. N. Y., flows 
in a bnmd preglacial valley. Next the river has cut a narrow and very 
picturfs<|ue rock gorge for about 25 miles t<» Ml. Morris. Again it flows 
lh»*iu'e nearly to Hochester in a large preglacial channel: but in the city 
of Korh»*ster It a s«'(!ond time enters a deep |X)Stglacial rock gorge, seven 
mih's huig, <leso«'nding into it with three falls. Above Mt. Morris the 
s«»c<»ud broad valh-y is occupied by the Cane.seraga creek: and farther 
w»'st ih«" Oalka cre«*k, afiother tributary of the (ienesee, runs in a paral- 
lel pn'glaeial valley. The connection of these valleys with their proba- 
bli' pn'«:la('ial c<Milinuation along the Ir<»ndei|Uoit river and bay (<les- 
crjlxd in tin- Am. (iKOLcxiisT. vol. v, pages *2()2-2t)7. with map, April, 
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18JK)), to the pn'8«Mit hp'ii of lake Ontario, has not been definitely traced, 
bccau8(* th«* inttTviMiin^? areas are heavily drift-covered. 

It seems probable that Sonne estimate of the length of the Postjrlacial 
pericul may b(^ d(»riv(»d from the rate of recession of the Genesee fails at 
Rochester, as in the similar cases of Ihe falls of Niaj^ara and St. Antho- 
ny. Furthi'r lij?ht also on this question may be expected from meas- 
urements of the volume of the Genesee jjorge above Mt. Morris, with 
consideration of the manner and rate of its erosion by the river. These 
problems may well be recommended for practice in field work by sfM*cial 
students in geolojry . w. u. 

The (tranite^t of Cecil county in nartheantern Maryland. By G. P. Gkima- 
liKV. (A thesis accepted for the degree of Doctor of Philosophy by the 
.lohns Hopkins University, .lune, 18U4. 50 pp.. W pis., 1894. Published 
originally in the Jour. Cincinnati Soc. Nat. Hist., April and July, 1894.) 
This paiK*r describes the granites of that part of the ancient crystalline 
area of Maryland which lies on the east bank of the Susquehanna river 
and just south of the Pennsylvania line. Toward the north the granite 
comes in contact with the gabbro of the region; here the former rock 
becomes more basic and in places appears to grade into the latter, but 
elsewhere the granite is seen to be of later date than the gabbro. The 
granite is .separated into two areas by a belt of staurolite mica-schist; 
the northern (Uolandville) area exhibits .striking mineralogicat changes, 
the most prominent of which is the extensive development of epidote; 
the 8outh<'rn (Port !)ei)osit) area shows crushing and shearing, and the 
rock has become a pronounced granite-gneiss. The belt of staurolite 
mica-schist shows a complete alteration of the staurolite to an aggregate 
of muscovite, chlorite, and quartz. Separation of the heavier constitu- 
ents of the granite soils by use of the ordinary miner's pan, a method 
employed with success by !K»rby in Brazil and by others, brings to light 
a number of the less common minerals of the panMit rock. v. s. «. 

On thf Cambrian Formation of the EaMtvrn Salt Range, By Fritz Noet- 
MNO. (Records of the Geological Survey of India, vol. xxvii, pt. 3, pp. 
IX-m. pi. i, KSJM.) 

That there should, to all ap|>earances, be such a dearth of paheontol- 
ogists in the United Kingdom as to com|H*l the government to turn to 
the continent for men of this kind for its Indian Geological Survey, has 
lH»en a matter o{ fnt|ueul comment and some heartburnings. The 
combination of stratigraphical geologist and pahiHintologist s<'ems. la- 
mentably. t<» be somewhat out «)f fashion, and the predominance of ana- 
tomical antl phyloiTfuelic i>alaH>ntologists among Knglish students maiy 
have b»M*n the princi|Mil reason why the Directorship of the Indian Sur- 
>ey invit«tl prof«'ss«>r \V. Waagen. of Prague, and Dr. Fritz N*H»iling, »>f 
Strassburg. to und«»rtak»* its pahet)ntological work. If the English |mhe- 
ontologi^ts ft'lt at all "raw" over this, it may have given some of the 
mon» sinful of them a ihlicit>us. if slight, tingle of satisfaction when the 
disiiuiruiNhed (M'rman saxant descrilx'd. in the impr«'ssive tomes of the 
'*PalaH>nit»loi:ia liuUca." a fauna com|H>sed of inarticulate brachioiHnls 
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of very i)rimitiv<» and distinctly Cambrian iy\fes and with stout argu- 
ments maintained its UpiK?r Carboniferous age. It is some time since 
Waagen revised this opinion, with the aid of trilobites subsequently 
discovered in the same rocks by the Enj^lish members of the survey, who 
had found the brachiopods and had regarded them of Silurian age. 

The history of this discussion is brieHy reviewed by Noetling in this 
pai)er. and the author, in the light of some additional discoveries, dis- 
sents from all of Waagen's later conclusions in regard to the Cambrian 
faunas. Noetling prop<»ses the following subdivision of the Salt Range 
Cambrian, in descending order : 

-4. Hhaganwalla group, or salt-crystal i>seudomorph zone; 

X .lutana group, or magnesian sandstone; 

2. Khussak group, or Neobolus beds; 

I. Khewra group, or purple sandstone. 

The Khussak group alone contains fossils and is the oldest fossilifer- 
ous formation of the Salt liange. Ncwtling makes a five-foUl division 
of it: 

V. Zone of Olenellus sp., with **brachioix>ds belonging to the family 
(»f Trimerellida**' (Lnkhminn ?) and probable fragments of Olendlu«. 

IV. Zone of Neobolun ttarthi. 

MI. Up|x'r annelid sandstone. 

II. Zone of llyolithe-M ttynnii, with Neobolun'* sp. and small trilobites. 
I. Lower annelid sandstone, with llyoUtheH and some "bivalves." 
The position, in the s«*rie.s, of the trilobites which determined, for 

Waagen. the Cambrian age of the fauna, viz., ConorephnHtfn tcarihi and 
<)ltnunf indirutt \V., is uncertain. It is stated by N<.)etling that they do 
not belong to the genera t«) which they were referred, and.the two writ- 
ers are at o|xmi variance in their interpretation of the faunal succt>ssion, 
a (litference which cannot be adjusted without "another candle." 
Meanwhile the foreign members of Dr. King's survey are "out." 

f)n thf Orrnrrrnrf of Chipped (.') Flints in the Upper Miocene of Burma. 
Hy Fkitz Noktlino. (Uecords of the (jleological Survey of India, vol. 
xxvii, pt. 3, pp. 101-103, pi. I. 1894.) 

The flint tiakcs described were found by the author himself in a fer- 
ruginous c<»nglomerate in the Yenangyoung oil-field, containing re- 
mains t^f lihinoreroM and Ilippotherium. The tiakes figured certainly 
sujrgesl human workmanship, and as to their nature the author says: 
"I do not want to express an opinion: all I can say is, that if flints of 
this shajH* can be produced by natural causes, a good many chip[)ed 
fiints hitherto considered as undoubtedly artificial products are ojjen to 
grave doubt as to their origin." j. m. c. 

(ofie-in-Cone: hmr it ore urn in the Deroninn neriest in Pennnylrania, frith 

further deUiilM of i(n ntrurture. varieties, etr. Hy W. S. Gresley. (Quart. 

.lour. Geol. Soc, London, vol. 50, pp. 731-739, with plates xxxvand xxxvi, 

Nov. 1st, 1891.) In the Portage beds of northwestern Pennsylvania the 

cone-in-cone structure is shown to be a pro<hictof alteration. It occurs, 
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as previously obsftrvt^d, alotij? a very piTsistent horizon, known as the 
Ferriferous- limestono. usually several feet thick, but occasionally thin- 
ning down to four inches or less, and in these thin and shaly portions 
the cone-in-cone formation is conspicuously developed. Several hundred 
feet lower in the series the author has found typical cone-in-cone at 
numerous horizons of intcrbedded thin sandstones and shales. The 
cone-in-cone occupies parts of the shaly layers, and is distinctly calca- 
reous, differing in this respect from the contiguous strata, so that this 
IK^culiar structure appears to be due to concretionary action, underpres- 
sure, gathering the carbonate of lime and partially expelling the clayey 
matter. Elsewhere the calcareous matter has been sometimes replaced 
by hematite, limonite, pyrites, marcasite. and ferruginous quartz. 

w. u. 
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Xote on "Xanno." The description of this remarkable tvp«M)f ceph- 
alo|HHl, by .1. M. Clarke, in the October Amkiucan Oeolocjist. from the 
Trenton limestoni' of Minnesota, has interested me very much, since 
formerlv I collected specinn'us of the same species near Minnea|>olis. 
This tyiM' of cephaloiHul is not new, however, having been previously 
found by (ierhard Holm, who in 1H85 d«'scribed and figured Endorrrait 
brhmttitifonut, a very similar species, from the Silurian of the island of 
<)«'land and of Estland [Esthonia]. (See Holm, "Ueber die innere Or- 
ganisation ♦•iniger silurischer ( -ephaloiHHlen," in Paheontologische Ab- 
haiidlunj^en. von W. Dames und E. Kayser, vol. 3, pt. 1, p. 4. and plate 

I), fi 

[*TI»e final paper by Prof. Clarke, as contribuled to the reports of the Minnesota (ieo- 
logical Survey, now in press, refers fully to the work of Holm, and states that, notwith- 
standing his reference of tliis form to Kndoceras. it is quite different and worthy of a 
generic rank.— Ki)S.| 
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EniUM'era» belemnit\forme Holm prt'wnts the same generic characters 
\\s Xanno aulema C\AT\i(\ In the belemnite-like sp«'cimens (Holm, loc. 
cit., pi. I, figs. 5a-5c, and Clarke, loc. cit., pi. VI, figs. 5-7) the apical 
cone represent.s, according to Holm, the initial chamber of the Endoce- 
ras: the contracted surface, the first septum; and the elongated portion, 
the siphuncle. The thickened wall or **apical .solid cone," as described 
by Clarke, is noted also by Holm in E. belemnitiforme (loc. cit., p. 8. pi. 
1, fig. 2); and that the sipho is also in contact with the out4*r .shell, and 
even fastened to the .same, is both described and figured. 

Very interesting is the interpn*tation made by Holm of this species of 
EtidoreraM. the only sfxjcies of which the initial chamber was known, 
and in the structure of which he finds the suggestion that the initial 
chambt^r and the siplio of EndtH-eran s()ecies with large siphos served at 
first, and to a great extent continually, as a visceral chamber. From 
the characters presented by this s|)ecies. Holm thinks that thi' Endocf- 
ratt tyjK? is the primitive fossil cephalo|HKl, and that the Tetrabranchi- 
ata wen* yet earlier derived fmm forms having an ojK^n conical shell 
without septa or sipho. Th»^ striking similarity between E. belemniti- 
forme }mu\ Nnnno aulrmn \wTm'\\^ v\kc\\\ ihi' same interpretation from 
either. 

The *'siphonal cone." as composed of siphonal sheaths described by 
Clarke, is, on the other hand, not observed by Holm; but, according to 
Holm*s interpretation, it might be expected that the shell at the ajHW 
would be continually thickened while the initial chamber and sipho 
wen» still occupied by the viscera. The existence of such a structure 
M*ems to sup|H)rt the theory given by Holm,* that the primitive Telra 
branchiata filled the entire conical shell; that afterward, following ex- 
, tended growth of the shell and elongation of the animal, an air chamber 
rnclos<»d by a septum was formed ujxm one side of the animal: and that 
by the formation of a succession of similar S4>pta' originated the elon- 
gated sipho. This, which was occupied by jiart of the viscera at first, 
as in some s|)ecies of Endortntit, has, in the cephaloixnls with small si- 
phons, been reduced lt» a narrow, i>«*rhai)s functionless structure. 

The name yanno, which is seemingly an inappropriate one for a ge- 
nus of Cephaio|MHla. is, acconling to other authors, only a synonym for 
EnditftniM; but th«* new sjiecies described is of grt»at interest. 

Fkkdehu K W. Sardksox. 
(itofntfiMfh'mihtralogiMrhtui hmtitnt drr i'fiireniitiit, Frt'thnry i. Bad^n, 

KVIDKNC K OK SrPEKOLAriAL P^SKKKS IN ILLINOIS AND NORTH WARD. 

The pafM'r by Mr. J. H. WtMHlworth on the oritrin of eskers. noticed (Mi 
page KIM), and the work of Mr. (i. H. Barton on the same question, also 
tlnTe cited, with the discussion (»f suptTglacial drift by Prof. R. I). 
Salisbury in the last number of the .lournal of (•eol<>gy (vol. ii, pp. (il.'J- 
<JI{2, S*'pi.-Oct.. 1H9I). mak«* tills an o{)|M)rtune time for directing atten- 

*Stre also Stcinmaiin aiivl Do.lerleiu, "Klcnieute dcr Falaontologie*' (1S90), p. 349. 
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tion to thf» ♦•vicli*nc«*s of tho formation of the eskers which have been 
studied in Illinois, Iowa, Minnesota, and Manitoba, by superglacial 
streams. 

Where eskers (osars) have been explored by Mr. Lever»»it in Illinois 
and a<ljacent states, they are found, as described by Prof. Chamberlin 
in the Journal of Gpolojry (vol. i, pp. 2fM5, 267. April-May, I8JKi), to vary 
in length from a few miles to about fifty miles, and to lie often as nar- 
row gravel and sand ridpes in wide river-like channels cut into the j^en- 
eral sheet of till, but to have ascents and descents over present water- 
sheds. It is thus seen that the.se eskers were dejK)siled by ice-walle<l 
streams, either subglacial. en^'lacial, or su[)4*r}Lrlacial. Whih» Pmf. 
Chamberlin, in the pap«.»r cited, rejrards them as probably subj^rlacial, a 
ditferent explanation seems to accord with their supt'rjrlacial formation. 
From the steep sK)pes adjoining river valleys or canons cut into the wan- 
ing ice-sheet, its englacial and finally sui)erjrlacial drift, exiK>s»'d by 
ablation when the greater part of the thickness of the ice there had 
been melted away, would slide down, or be washed down by rains and 
rivulets, into the stream l)ed, to contribute partly to the esker and to be 
partly carried onward by the stream. AVhen the ice wholly dis^ippeared, 
a wide shallow trough in thr* till and the esker ridge would have the re- 
lationship de.scribed. 

In Iowa the prominent paha or 1(m?ss eskers described by McGeed'. S. 
Geol. Survey, Eleventh An. Kep.. for 188J)-'90, pp. 4a>-471) are attributed 
chiefly to sujH^rglacial drainage, deriving the material of the paha from 
drift exiH)sed by ablation on the ice surface. 

In Minnesota eskers are rather infrequent. The most notable are in 
Hridgewaier and Lake .Tohanna townships. The former is an esker 
series about seven miles long, maiijx'd by Prof. N. H. Winchell, who 
shows its origin to hav«? been by a sujM'rglacial stream (G<M>logy of 
Minn., vol. i, 1884, pp. 005-«M59); and the latt«>r series ccmsists of several 
))arallel ridges, mapi>ed by the present writer and similarly explained 
(vol. II. iaS.S, pp. 489, 4fK)). 

The most conclusive evidence of the origin of the material of eskers 
from superglacial drift 1 find in the esker called Bird's hill, at the sta- 
lioFi of this name on the Canadian Pacific railway in Manitoba, sev«»n 
miles northeast of WinnijH'g. This esker had such relationship to the 
glacial lake Agassi/., there 5(H) feet dee[) as siK)n as the ice-sheet n'- 
treated, that its material is shown to have c(»me fr.im a st)m«»what 
greater hight in the lower part of the ice-sheet, which attained pr(»bably 
a maximum thickness of o,(KX) feet or more alcove that region, if we 
mav judge from its known thickness uiK»n New England and New York, 
covering Mt. Washington and the (ireen and Adirondack mountains. 
It is furth<*r learned, by a mass of till fallen into the esker gravel and 
sand, that several f«'et of englacial drift existed there atM)ve the altitude 
of .">(K> feet in the Ice. (Geol. Survey of Canada, An. Kep., new series, 
vol. IV, for 1H88-*81). pp. 38-40 E.) 

The observations of the eskers of Hird's hill and the Pinnacle hills at 
Rochester, N. Y. (Pri>c., Rochester Acad. of Science', vol. ii, pp. 181-300. 
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Jan., 180H), with my othtT and earlier studies of eskers in New Iiamp- 
sliire and other parts of New Enjriand and in Lon^r Ishind, convince me 
that th«'se remarkable ridjjr«*s of m(Klified <Irift were, in all the areas 
which I have studied, derived chiefly from en«rlacial drift which had 
become su|>eri;lacial, as on the Malaspina ice-sheet in Alaska, and that 
th»'y were deiK)sited in the cafion-like lower courses (►f suj)erj|rlacial riv- 
ers. This indicates that the en;rlacial drift, as shown by articles in the 
Am. (iKoMHJisT for December, 1891. and I)ec««mber, 1SJ)2. and July. IHiKt. 
was of considerable amount in the li>wer part, ]H'rha]is for a fourth of 
the whole thickness, tit the ice-sheet. W.vhkkn I'imiam. 

\or. Jifth^ ISUJ,. 

.\X KAHLY OBSKHV.VTIOX 1IKAUIN(} OX TIIK Hl.^iTOHY OK TIIK (JllKAT 

Lakes. The readinir of Dr. .1. \\\ SjH'ncer's "Review of the History of 
lh«' (ireat Lak«*s." in ihe Amkhican (iKOI.ocjist f(»r November, recalled 
an observation nuide In tlu* last centurv bv Alexander Henrv. lie was 

• • • 

an Knjriish fur-lra<ler, and in carrymiron his business with the Lndians 
i<mrneved from Montreal to Michilimacklnac in l<r)l. Theroul»* taken 
was the Ottawa and Mattawa rivers, lak«' Niplssinir and Its outlet, 
French river, to (M'or^rian bay and lake Huron. An account of his trav- 
els wa> published in 18(»1». The followin*: «*xtract from it shows that he 
rec«»j:ni/.ed tin- f«>rmer pr«'senc<* of watt-rs at a<lifferent level aloni: what 
is now regarded as for a time an outlrl of the ihree up|M*r lakes: 

"Leaviiiir the Indians, w»» proce«*ded lothe mouth of the lake [Nipis- 
sinir] at which isth»* carryiii;;-place of La ChauditTe Fran<;alse, a name 
pari of which il has obtained from the holes in the rock over which \\v 
passed: anti which hoh-s. beiii;;(»f thekind which is known to be forme<l 
by wal«'r. with the assistance of jM-bbles, demonstrate that it has n^it 
always befii dry. as at pres<*iit it is: but the phenomenon is not |>eculiar 
tn ibis spot. th»' same b«*liiir obs«'rvable at almost esery carryin;:-i>lace 
Mil th»- OiihMMiais [(Klawa). At Ihe hitrht of a hundred feet above the 
rivjT. I comntonlx found |M'bb|rs. worn into a round form. Iik«* tlnKs** 
iilMMi lli»*b»'ach bi'low. Kvrry wh»'r»' the water app»*ars to have subsided 
from its ancirnt l«'vris; aiid imairiiiation may anti(Mpalean era at which 
♦'\»'n the baiiksof N«*wf«Mindland will hi- h'ft ban-."* K. .1. Him.. 
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TnK GKoi.ociK'AL SoriKTV OF Amkkk'A will nieet at Baltimore 
Tiuirsday. Dec. 27, the assembly beln<;: in the ^enlojjrical labo- 
ratory of Johns Hopkins I'liiversity. It is rxpeeted that 
Pres. I). ('. (iilinan will welcome the soeietv, and that Prof. 
W. B. Clark will read a memorial of Dr. (ieorge 11. Williams. 

•Travels and Advcnlure-* in Canada and the Indian Terntorics. between the years 
1761 and 1776. By Alexander Henry. Esq. New Vt»rk, 1S09. p. 31. 



406 I'he American Geologist, December, i«M 

Mr. E. H. Lonsdale, recently of the Iowa Geological Sur- 
vey, has resigned to accept a position on the Missouri survey. 

Mr. C. D. Walcott, <lirector of the U. S. Geological Survey, 
has recently made a western tour to inspect its work. 

Prof. S. F. Emmons is to have general charge of the work of 
the U. S. Geol. Survey in the Kocky mountains region. 

Prof. G. F. Becker, who hiis made a reconnaissance of the 
southern Appalachian gold-fields during the past summer^ 
will specially examine, with Mr. H. B. C. Nitze of the North 
Carolina Geological Survey, the principal mines in the central 
southern part of that state. 

William Topley, F. R. S., long engaged on the Geological 
Survey of England, died Sept. 30th. 

A SPECIES of Old ham iff, closely related to O. antiqva of the 
Cambrian rocks in Ireland, has been collected by T. Nelson 
Dale at several localities in a belt of reddish shales west of 
the Renssalaer plateau, near Troy, N. Y. It is described by 
C. D. Walcott under the name Oldhamia (Murc^iisonites) oc- 
cidens^ in the Proc. Nat. Museum, vol. xvii, pp. 313-315, 1894 ; 
and the formation is regarded as of Upper Cambrian or 
Lower Ordovician age. 

The geology of Denver and its vicinity is well summarized 
in a popular address, of 36 pages, by George L. Cannon, Jr., 
as the retiring president of the Colorado Scientific Society. 
A very remarkable epoch of erosion is shown to have marked 
the transition from the Tertiary to the Quaternary era, re- 
moving 1,000 to 1,500 feet of horizontal strata from the site 
of the city of Denver, followed by an epoch of deposition of 
river drift and loess. 

The New Science Review is a recently launched quarterly 
devoted to the discussion of scientific theories and discover- 
ies. It does not address itself to the specialist, but to the in- 
telligent public at large, and endeavors to present the results 
of recent work and thought in the various lines of natural 
and physical science. Two numbers have already been issued. 
It is conducted by J. M. Stoddart, and id published by the 
Transatlantic Publishing Co., New York (63 Fifth Ave.) and 
London. 

Around the World fills a nook in monthly journalism which 
was before entirely neglected. It is devoted to geography, 
travels, and science. It is not ponderous like Harper's, nor 
prosaic like the Popular Science Monthly, nor radical like the 
Arena. It is highly instructive and lightly scientific without 
dilettanteism. Its pages are scrupulously edited and fault- 
lessly printed, while its elegant illustrations are so profuse 
that from the first page to the last it is a gallery of portraits 
of nature all of which deserve to be bound together and pre- 
8K?rv(*d. 
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American Ckinoids. The first hundred pages of Wachsmuth 
and Springer's long expected monograph on American crin- 
oids have left the press. The work has developed greatly 
since first planned and has prolonged the time of its appear- 
ance much beyond the date originally set. The camarate 
crinoids which form the part now being issued are comprised 
in two large quarto volumes, one of text containing over 600 
pages, and the other of plates nearly 100 in number. The 
latter have been beautifully reproduced by the best of modern 
processes. The work is issued by the Museum of Compara- 
tive Zoology of Cambridge; and the edition is limited to 750 
copies. It embodies the results of what is doubtless the fin- 
est piece of paleontological investigation ever undertaken in 
this country; and it may be regarded as a model of modern 
methods. It is the outcome of thirty-five years constant and 
untiring elFort; these two volumes constitute the first half of 
the entire work. When completed it will form one of those 
works which will be the standard of reference for a century 
to come. 

The Stanfokd University has recently obtained a cast of a 
vertebral column and ribs found fossil in a marine shaly 
sandstone formation of Miocene age, at an altitude of 1,400 
feet above the sea, near Roblar, California. The resemblance 
to man is very remarkable, but Pres. 1). S. Jordan, of the 
university, thinks that more probably it was some species of 
sloth. Prof. J. P. Smith states that it might be readily pro- 
nounced a fossil man, if the rock formation were recent. "To 
he sure," he remarks, '*a river might have brought the dead 
man, sloth, or whatever it was, to the ocean, and the currents 
might have carried it out, but it certainly seems more reason- 
able to suppose some acputtic creature left its imprint there." 
-Sftti Frnncfsra Kj'annnvi\ .Vor. .J, JSif^, 

The <;lacial <;e()Lo<;y of Mt. Kenya in eastern Africa, sit- 
uated on the equator, about 150 miles east of the lake Victoria 
Nyanza, is described by Dr. J. W. (iregory in the (juarterl}^ 
Journal of the Geological Society of London (vol. 50, pp. 515- 
5:^0, Nov. 1st, 1894). The mountain attains a hight of about 
19,500 feet and covers an area of about 700 scjuare miles. The 
existing glaciers, one of which is named in memory of the late 
Prof. Henrv Carvill Lewis, descend to the altitude of 15,800 
feet. Former gla<*iation, at so recent a time that thestriation 
of boulders and of the bed rock is retained wherever it has 
been pr<»tected by a covering of soil, reached 5,500 feet lower, 
or to 0,S0O feet above the sea. Lake basins, moraines, rounded 
rock surfaces, and glacial stria*, attest the former envelopment 
of the whole upper part of Mt. Kenya by an ice-cap, of which 
the present glaciers are puny remnants. The cause of the 
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former great extent of the glaciers is thought by Dr. Grep:ory 
to have been a greater altitude of the country including ihisi 
mountain ; and he thinks that this ei>eirogenic uplift may have 
extended westward across Africa to the Cameroons mountains 
and to the mouth of the Congo river, which has a submerged 
continuation of its valley to the depth of 6,000 feet Ix^neath 
the sea level. The alpine flora found on the mountains of 
Abyssinia, on Kenya, Kilima Njaro, and the Cameroons, fur- 
nishes additional evidence that during a late geologic epoch 
this extensive continental area was a much higher plateau 
than now, having consequently a cooler and nioister climate, 
with a continuous flora similar to that which now survives 
only upon the mountains. 

National Academy of Sciknces. The following papers 
were read at th.e Autumn meeting, Oct. :U), 31 and Nov. 1, 18*J4, 
at New Haven: An indirect experin)ental Determination of 
the Knergy of Obscure Heat, William A. Rogers; Determina- 
tion of the Krrors of the ( -ircles of an electrotype copy of 
Tycho lirahe's Altitude Azimuth instrument now in posi^ession 
of the Smithsonian Institution, William A. Rogers; TheWinne- 
bago (Jounty, Iowa, Meteorites, and the Meteor, Hubert A. 
Newton ; Literal Kx])ression for the Motion of the Moon's 
Perigee, George W. Hill: Atmospheric Dust and Aqueous 
Precipitation in Arctic Regions, William H. Brewer; Furtlier 
Researches on the Polar Motion, Seth ('. Chandler; The Re- 
lation of (iravity to Continental Elevation, Thomas (\ Men- 
denhall; The Legal Units of Electrical Measure, Thomas < *. 
Mendenhall ; On derived Ecpiations in Optics. Charles 8. Hast- 
ings ; On a method of eliminating Secondary Disperson, using 
ordinary silicate (llasses only, ('harles S. Hastings; The 
Chemical Nature of Diastase, Thomas H.Osborne; Some 
Features in the Development of Hrachiopods, Charles E. 
Keecher: On the* Presence of Devonian Fossils in Strata of 
Carboniferous Age, Henry S. Williams; On the influence of 
Insolation upon Culture Media, and of Desiccation upon the 
Vitality of the Bacillus of Typhoid, of the Colon Bacillus, and 
of the Staphylococcus aureus, John S. Billings; Report on 
Photographing Meteors, William L. Elkin; Biographical Me- 
moir of F. V. Hayden, Charles A. White; (Geographical and 
Bathymetrical Distribution of the Deep Sea Echinoderms, dis- 
<»overed off the Aini*rican Coast, north of (.-ape Hatteras, AE. 
V<'rrill ; On the effect of Pressure in broadening Spectral 
Lines, A. ^\- Michelson; Remarks upon the progress of work 
u])on a Handbook of the Brachiopoda, James Hall; Note upon 
the Oc<*urren(»e and Distribution of the Dictyospongidie in the 
Devonian and Carboniferous Formations, James Hall ; Infra- 
red Spectrum, S. P. Langley ; On a certain Theorem in Theo- 
retical Mechanics, J. W. Gibbs. 
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AROUND THE WORLD 

AN ILLUSTRATED MAGAZINE OF 

Travels. Explorations, and Natural History. 

Devoted to a Knowledge of the Earth 

and of its Inhabitants. » 



Edited by PROF. ANQELO HEILPRIN. 



Issued Monthly. Yearly Subscription, $1 .50. Single Copy, 1 5c. 

It is the aim of this magazine to preseot its readers with the latest 
important results of exploration in the geographical field, with descrip- 
tions of countries and places lying on and off the general avenues of 
travel, with an analysis of the progress of research touching the phys- 
ical history of the earth and of its productions. Apart from its purely 
descriptive function, it will endeavor to be an aid to the intending trav- 
eler in discussing the appliances and adjuncts of travel and in review- 
ing the conditions which are inseparably associated with that most 
pleasurable art — the art of the wanderer in strange and little-known 
regions.. 

^The engravings are exquisitely done, and the tvpographical work 
is of a class with the finest book print possible by the use of the most 
nearly perfect modern appliances.** — Phila. Evening Bulletin, 

**Prof. Heilprin's taste goes hand in hand with his solid learning to 
produce a very handsome journal with charming illustrations.*'— A'etr 
York Nation, 

SOME OF THE ARTICLES THAT HAVE APPEARED IHTHIS YEARS ISSUE. 

The H iff heat Mountain Ascents and the Possible Limits. — The Source 
of thr Nile. — Josephine Peary.— An Ascent of Orizalnu Mexico, — The 
I>isrnrrri/ <»/* Amerirtt in its Influence upon the Vegetation of Europe. 
-—The Bermiuin /shnnis itml the Wonders of their Coral Reefs. — An- 
imals in Nature: Ltttjuinl : Titjtr. - Physical Charaetensties of Ilatcaii. 
— Reality versus Roniancv in'south (yntrol Africa.— Oceanic Troughs. 
-The S<>urce of the ('(mgtt. — A Pmjrrfnl Railway Acnts.^ the Sahara. 
— Jamaica and the Blue Hills. — Mato Tepee.- What to do in Japan.— 
Corea.— Houses and Hi»usekeeping in Holland. - The WorhVs High- 
est Mountains: Kunchinjinga: Chimhorazo. - The Pygmies of the 
Congo. — The Sargasso Sea.— Cave Hunting in Pennsylvania.— The 
Condition of the Earth*s Interior.— Glaciers and Their Work, etc., etc. 

THE CONTEMPORARY PUBLISHING COMPANY. 

e BEEKMAN STReCT, NeW YORK. 
G2a CHeSTNUT STReer, PHILAOeL^HIA. 



Matter portainiiitf to the Editorial Department, IkioWii for roriew, etc., ehould be 
•ddreMed to the Editor, in care of the Philadelphia office. 
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THE NEW SCIENCE REVIEW 

A Miscellany of Modern Thought and Discovery. 

Conducted by J. M. STODDART. 
Published Quarterly, l^ice^ ^o cents, $2.00 per annum. 



TIIEKE an* many scientific iHTioUicals. The Nkw SiiENCK Uevirw 
differs from all of ihem. It is new in every sense — new in its ap- 
f)earance, new in its methods, new in its aims. It d(H»s not attempt to 
supersede thtj older and more conservative periodicals, but to suppl**- 
ment them. Those address themselves to the spi*cialist, this to the pub- 
lic at large. While yielding: to none in the scientific value of its ma- 
terial, it strives to present it in a fnipular style. It does not assume that 
the reader has an esoteric acquaintance with the matter at hand, nor 
start from that standix)int — it supplies him with a stand))oint; it ex- 
plains before it demonstrates. Thus it occupies a iN)sition midway be- 
tween the iK)nderous scientific journals and the lighter magazines. It 
is as valuable as the first, as interesting as the latter. Hut it conflicts 
with none. It has a distinct individuality. 

The quart<»rly metlnnl of publication has been chosi*n becaus<.» if 
has been thought that this affords ample time for the exploitation of 
every new theory, invention, or discovery that may hold the public 
attention during the interim. When The New Science Review 
s[)eaks, it will speak with authority. It will have weighed the evidence 
impartially. Its decisions, if not infallible, will be in accordance with 
the latest development of modern thought. 



"... All hail to our new quarterly. 
. . .The New Scienxe Review is 
heartily welcomed: its style is popular. 
. . .''-Public Ledger iPhilaiielphta.) 

"... Its list of contributors guaran- 
tees good work. . . .''—Denver republi- 
can. 

"... Is an acceptable visitor. It 
will find a ready welcome upon the table 
of every intelligent reader. . . ." -St. Paul 
Globe. 

"... Even a superficial perusal of 
its contents will show that the editors are 
well within the lines of their plan. . . .'' 
Atil-waukee Sentinel. 

"... Makes the subject under dis- 
cusmon clear to any lacking technical 
knowledge. . . . Ought to succeed. . . .'* 
—Journal of Commerce {Chicago). 

"... Following new channels of in- 
vestigation, and is rightfully called '.-X Mis- 
cellany of Modern Thought and Discov- 
ery.'. . .'* Scientific Machintst. 

"... We wish the new (juartcrly A{j// 
7vyage." -Ptcayune (Xcw Orleans \. 

"... The editors evidently interpret 
their duties broadly; but the readability of 
their periodical loses nothing thereby."'— 
Rcriew of Reviews. 



". . . It is full of thoughtful and hint, 
ful papers. . . .''—Philadelphia Press. 

"... Will not be lacking in patron- 
age necessary to render its career a suc- 
cessful one. . . ."—New York Sun. 

"... Will be welcomed by men and 
women who have no fear of new views. "— 
The Ladies* Pictorial {London). 

"... One of the most valuable ad- 
juncts to current magazines. . . ."— 
Northern Whig {Belfast) . 

"... We commend this periodical to 
our readers. . . ."—South American 
Journal. 

"... Is superior to most of the sci- 
entific periodicals of the day. . . .''Ash- 
ton-undet-Lyne Herald {Ireland). 

". . . What the busy and intelligent 
reader of the day so much wants. . . .'' 
Oxford (Eng.) Chronicle. 

". . . Is just now the talk of London 
literary circles. It has made a splendid 
start.'*- rA*- Isle of Wight Express. 

". . . This is just the kind of maga- 
zine we want. . . ."—Birmingham (Png.) 
(iazette. 

"... Contents are most interesting 
andattractive. '— /^'ai/y Post (Lancaster, 



The Transatlantic Publishing Co,, 

63 Fifth Avenue, New York City. 
LONDON: 26 Henrietta St., Covent Garden. 



$4.00 ptr Year. $4.60 par Year (Foreign). 35 CU. per Copy. 
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1867. 



29TH YEAR. 



1895. 



The Amesican Nati'baliht differs 
from moat other journals in the ezt€*nt 
andetllcioncy of its o<iitorial corps,which 
embraeea nine roMi, mostly profesaora in 
well-known unirfrnltioa in Maine, Now 
Hampiihire, Boston, Mt-ss., Philadelphia, 
and !l;iltiiiioro, and weat to (^hicaffft. 
Mii>tiM>n. WiM.. Hitd liiticoln, Nebraska. 
M»in ••iht>riHl »«up»-r\ i'-ion *«ecnre« c<»m- 
IM'tent rrnififiii of tin- suJ»ji-rt-inatt«'r. hi> 
well as breadth of Hropc. in tlii.owav i(> 
^>cnrcHi also the principal r.iin of TtiK 
Natuhaliht, theprmtentationtotht* |iul>- 
lic of the laU«at rs*>ults of »ci<>ntilic pro- 
ffross in reailable form, whilo the jufrt re- 
lations of authors to iheir work and t«t 
i«ch other are strictly maintained. We 
are espf^cially able to pretvnt mono- 
trrnphic abstracts of eeperfal departmpnts 
of rettearch. thnt« ffirintr to our readers at 
<inc<* coiiinrMhennire knowl^dtfo of #ub- 
j«»ct8. and brinffinfir th^-ni en rappi.rt with 
tlip prownt Htate of w*ienci* as well as 
with the pa^t. 

Ah heretofore Th« Natihamht on- 



dearors to keep its reader* informed as 
Ut the proceedings of scientific societies 
and other orfranizatioi-s for the promo- 
tion of Bciauce- It is independent of 
official bodice, and insi*'tii on proper ad- 
ministration of tmi'ta held b> them for 
the t)eneti I of science and education. In 
performing this serrice it stands alone 
MmoiK the scientific journala of the 
c<iuiilry. and it t)cspeakH the support of 
th** friendH of soun<I administration, in 
vii-w of tli<> fact that in MtdoinK it incurs 
tli(> hostility of more or letia influential 

p-*rM»UH. 

Thk Amkhkan Natikalist was com- 
menced twkmy-kkiBT yi^ars airo by an 
ai>sociati n of the stodeiitH of ProfcN^aor 
Asasfiz. at Cainbridff<\ While it ha«* f(»l- 
lowed the fortunes of its fonntlerit from 
comparative youth U» a vifroronn matur- 
ity, it hss gathered to its Hupporr. moat of 
the bi<iIoffi^tH and ireoloKintb of North 
America. Its const itnency of authors 
ni>w iriclndes a majority of the men of 
this class in the country. 
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1[k\iiv W. lIwsK-i. Kv|>1i.t 
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ntrihutors for 18U4 ure it« follows: 
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-iwiT. Thr lllnilnrlani tm brljtltt, rffi'nln 
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